


























StudentConsult.com 

Transform the way you learn. 

Gompatible with PC, Mae®, most mobile deviees, and eReaders, Student Consult 
allows you to browse, seareh, and interaet with this title - online and offline. 
Redeem your PIN at studentconsult.com today! 



Start using these innovative features today: 

• Seamless, real-time integration between deviees 

• Straightforward navigation and seareh 

• Notes and highlights sharing with other users 
through soeial media 

• Enhaneed images with annotations, labels, and 
hot spots for zooming on speeifie details * 

• Live streaming video and animations * 

• Self-assessment tools such as questions 
embedded vvithin the text and multiple-format 
quizzes * 

* some featiires vary by title 


PIN REDEMPTIONINSTRUCTIONS 


1 . Login or Sign Up at StudentConsult.com 

2. Serateh off your PIN eode below 

3. Enter PIN into the “Redeem a Book Code” box 

4. Click “Redeem” 

5. Go to “My Library” 


Use of the current edition of the eleetronie version of this book (eBook) is subject to the terms of the nontransferable, fimìted 
lieense granted on StudentConsult.com. Aeeess to the eBook is limited to the first individual who redeems the P!N, loeated 
on the Inside eover of thìs book, at StudentConsult.com and may not be transferred to another party by resale, lending, or 
other means. 

Forteehnieal assistanee: Email: online.help@elsevier.com; 

Call: vvithin the US and Canada: 800-401-9962; 

oiitside the US and Canada: +1-314-447-8200 















Gray’s Anatomy for Students, 

3 rd Edition 

with STLIDENT CONSULT Online Aeeess 

Drake, Vogl & Mitehell 
2014. ISBN: 978-0-7020-5131-9 



Gray’s Anatomy for Students 

Flash Cards, 3 rd Edition 

with STLIDENT CONSULT Online Aeeess 

Drake, Vogl & Mitehell 
2014. ISBN: 978-1-4557-5898-2 



Gray’s Atlas of Anatomy, 

2 nd Edition 

with STUDENT CONSULT Online Aeeess 

Drake et al. 

2014. ISBN: 978-1-4557-4802-0 



Gray’s Anatomy Review 

Loukas et al. 

2009. ISBN: 978-0-443-06938-3 





eiinieal 
Photographie 
Disseetor of the 
Human Body 


Gray’s Clinical Photographie 
Disseetor of the Human Body 

with STUDENT CONSULT Online Aeeess 

Loukas, Benninger & Tubbs 
2013. ISBN: 978-1-4377-2417-2 




ANATO 


Gray’s Basie Anatomy 

with STUDENT CONSULT Online Aeeess 

Drake, Vogl & Mitehell 

2013. ISBN: 978-1-4557-1078-2 



Gray’s Anatomy, 

40 th Edition 

Expert Consult — Online and Print 
Standring 

2009. ISBN: 978-0-443-06684-9 


























This page intentionally left blank 



Riehard L. Drake, PhD, FAAA 

Direetor of Anatomy 
Professor of Surgery 

eieveland Clinic Lerner College of Medieine 
Case Western Reserve Llniversity 
eieveland, Ohio 

A. Wayne Vogl, PhD, FAAA 

Professor of Anatomy and Cell Biology 
Department of Cellular and Physiologieal Seienees 
Faculty of Medieine 
llniversity of British Columbia 
Vancouver, British Columbia, Canada 

Adam W. M. Mitehell, MB BS, FRCS, FRCR 

Consultant Radiologist 
ehelsea and Westminster Hospital 
Honorary Senior Lecturer Imperial College 
London, Llnited Kingdom 


lllustrations by 

Riehard Tibbitts and Paul Riehardson 


Photographs by 

Ansell Horn 




ELSEVIER 
































CHURCHILL 

LIVINGSTONE 

ELSEVIER 


1600 John F. Kennedy Blvd. 

Ste. 1800 

Philadelphia, PA 19103-2899 

ISBN: 978-0-7020-5131-9 
ISBN: 978-0-7020-5132-6 


GRAY’S ANATOMY FOR STUDENTS, THIRD EDITION 
International Edition 


Copyright © 2015, 2010, 2005 by Churchill Livingstone, an imprint of Elsevier Ine. 

No part of this publication may be reproduced or transmitted in any form or by any means, eleetronie or meehanieal, 
including photoeopying, reeording, or any information storage and retrieval system, without permission in writing from 
the publisher. Details on how to seek permission, further information about the Publisher’s permissions polieies and our 
arrangements with organizations such as the Copyright Clearance Center and the Copyright Lieensing Ageney, ean be 
found at our website: www.elsevier.com/permissions. 

This book and the individual contributions eontained in it are proteeted under eopyright by the Publisher (other than as 
may be noted herein). 

Notiees 

Knowledge and best praetiee in this fìeld are eonstantly ehanging. As new researeh and experience broaden our 
understanding, ehanges in researeh methods, professional praetiees, or medieal treatment may beeome neeessary. 
Praetitioners and researehers must always rely on their own experience and knowledge in evaluating and using any 
information, methods, compounds, or experiments deseribed herein. In using such information or methods they should 
be mindful of their own safety and the safety of others, including parties for whom they have a professional 
responsibility. 

With respeet to any drug or pharmaceutical products identifìed, readers are advised to eheek the most current 
information provided (i) on procedures featured or (ii) by the manufacturer of eaeh product to be administered, to verify 
the reeommended dose or formula, the method and duration of administration, and eontraindieations. It is the 
responsibility of praetitioners, relying on their own experience and knowledge of their patients, to make diagnoses, to 
determine dosages and the best treatment for eaeh individual patient, and to take all appropriate safety precautions. 

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for 
any injury and/or damage to persons or property as a matter of products liability, negligenee or otherwise, or from any 
use or operation of any methods, products, instmetions, or ideas eontained in the material herein. 

ISBN: 978-0-7020-5131-9 


VP Global Medieal Education Content: Madelene Hyde 
Senior Manager, Gontent Development: Rebeeea Gruliow 
Publishing Serviees Manager: Patrieia Tannian 
Senior Projeet Manager: John Casey 
Design Direetion: Lou Forgione 


Printed in Canada 


Last digit is the print number: 987654321 


Aeknovvledgments 


First, we would like to eolleetively thank those who agreed 
to examine earlier drafts of the book—anatomists, edu- 
eators, and student members of the editorial review board 
from around the world. Your input was invaluable. 

We’d also like to thank Riehard Tibbitts and Paul Rieh- 
ardson for their skill in turning our visual ideas into a 
reality that is not only a foundation for the acquisition of 
anatomieal knowledge, but also is beautiful. 

Thanks must also go to Madelene Hyde, Bill Sehmitt, 
Rebeeea Gruliow, John Casey, and all the team at Elsevier 
for guiding us through the preparation of this book. 

We’d also like to thank Professor Riehard A. Bucking- 
ham of the Abraham Lineoln Sehool of Medieine, Univer- 
sity of Illinois for the provision of Fig. 8.114B. Finally, 
because we worked separately, distaneed by, in some eases, 
thousands of miles, there are various people who gave loeal 
support, whom we would like to make mention of individu- 
ally. Weve gratefully listed them here: 

Dr. Leonard Epp, Dr. Carl Morgan, Dr. Robert Shell- 
hamer, and Dr. Robert Cardell who profoundly influ- 
eneed my eareer as a seientist and an educator. 

Riehard L. Drake 

Dr. Sydney Friedman, Dr. Elio Raviola, and Dr. Charles 
Sloneeker, for their inspiration and support and for 
instilling in me a passion for the diseipline of Anatomy. 


Dr. Murray Morrison, Dr. Joanne Matsubara, Dr. Brian 
Westerberg, Laura Hall, and Jing Cui, for contributing 
images for the ehapter on the head and neek. 

Dr. Bruce Crawford and Logan Lee, for help with images 
for the surface anatomy of the upper limb. 

Professor Elizabeth Akesson and Dr. Donna Ford, for 
their enthusiastic support and valuable critiques. 

Dr. Sam Wiseman, for contributing surgical and other 
images in the abdomen and head and neek ehapters. 

A. Wayne Vogl 

Dr. Sahar Nasseri (senior speeialist registrar) for help 
with the images and text and adding eritieal analysis 
on modern imaging. 

Drs. J. Healy, J. Lee, G. Rajeswarren, R. Pearee and 
B. Roberton for their support and eonstmetive 
eritieism. 

The radiology staff at Chelsea and Westminster Hospital 
and The Fortius Clinic. 

In particular, Mr. Andrew Williams, FRCS, whose 
relentless and unflagging support has been invaluable 
(and he mended my leg!). 

Adam W. M. Mitehell 


Dedieations 


To my wife, Cheryl, who has supported me; and my parents, who have guided me. 

—Riehard L. Drake 

To my family, to my professional colleagues and role models, and to my students—this book is for you. 

— A. Wayne Vogl 

To Cathy, Max, and Elsa 

—Adam W. M. Mitehell 


VII 







This page intentionally left blank 


Prefaee 


The 3rd edition of Gray’s Anatomy for Students builds on 
the past and looks toward the future. 

It maintains the goals and objeetives of the lst and 2nd 
editions while at the same time continuing to ineorporate 
input from our readers and adjusting the eontent to align 
with the evolving educational environment. 

One of the major focuses of our attention as we pre- 
pared the 3rd edition was elinieal eontent. The reason for 
this is that learning in context has beeome an important 
theme not only in medieal education but in anatomieal 
seienees education generally. We dealt with the elinieal 
eontent in two ways. First, we reevaluated and updated 
the “In the elinie” boxes, elinieal material in the body of 
the text, elinieal eases at the end of the ehapters and in the 
online resources, and in the surface anatomy seetion. 
Seeond, we added new elinieal material so that the reader 
would have up-to-date examples relating anatomieal infor- 
mation to elinieal situations. 

In addition to updating and revising the elinieal 
eontent, the seetion on eranial nerves has been signifi- 
eantly expanded. Understanding these important eompo- 
nents of the nervous system is eritieal for students at 
every level. To faeilitate student learning a new figure 


summarizing the loeation, function, and distribution of 
eaeh eranial nerve has been added, as has a new figure 
summarizing how major structures, including eranial 
nerves, enter and leave the eranial eavity. We also have 
included a new figure illustrating the elinieal importanee 
of vascular structures in and around the eranial eavity. 

Another new feature in this edition relates to review 
materials. While these useful study aids have always been 
available on Student Consult as an online resource, in this 
edition the appropriate review materials for eaeh ehapter 
are listed at the beginning of that ehapter. This information 
includes an online anatomy and embryology self-study 
course, medieal elinieal eases, physieal therapy elinieal 
eases, self-assessment questions, and more. 

We believe that with these ehanges the 3rd edition of 
Gray’s Anatomy for Students is a much improved version of 
the 2nd edition and hope that the book will continue to be 
a valuable learning resource for students. 

Riehard L. Drake 
A. Wayne Vogl 
Adam W. M. Mitehell 
Deeember 2013 
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About the Book 


The idea 

In the past 20 years or so, there have been many ehanges 
that have shaped how students learn human anatomy in 
medieal and dental sehools and in allied health programs, 
with curricula beeoming either more integrated or more 
systems based. In addition, instmetional methods focus on 
the use of small group aetivities with the goals of inereas- 
ing the amount of self-direeted learning, and acquiring the 
skills for the life-long acquisition of knowledge. An explo- 
sion of information in every diseipline has also been a foree 
in driving curricular ehange as it inereases the amount to 
be learned without neeessarily inereasing the time avail- 
able. With these ehanges, we felt it was time for a new text 
to be written that would allow students to learn anatomy 
within the context of many different curricular designs, 
and within ever-inereasing time eonstraints. 

We began in the fall of 2001 by eonsidering the various 
approaehes and formats that we might adopt, eventually 
deeiding upon a regional approaeh to anatomy with eaeh 
ehapter having four seetions. From the beginning, we 
wanted the book to be designed with multiple entry points, 
to be targeted at introductory level students in a broad 
speetmm of fields, and to be a student-orientedcompanion 
text for Gray’s Anatomy, which is aimed at a more profes- 
sional audience. We wrote the text first and subsequently 
constructed all the artwork and illustrations to eomple- 
ment and augment the words. Preliminary drafts of ehap- 
ters, when eomplete, were distributed to an international 
editorial board of anatomists, educators, and anatomy stu- 
dents for review. Their eomments were then eonsidered 
carefully in the preparation of the final book. 

The text is not meant to be exhaustive in eoverage, but 
to present enough anatomy to provide students with a 
structural and hinetional context in which to add further 
detail as they progress through their eareers. Gray’s 
Anatomy was used as the major referenee, both for the text 
and for the illustrations, during the preparation of this 
book, and it is the reeommended source for acquiring 
additional detail. 

The book 

Gray’s Anatomy for Students is a elinieally oriented, student- 
friendly textbook of human anatomy. It has been prepared 
primarily for students in a variety of professional programs 
(e.g., medieal, dental, ehiropraetie, and physieal therapy 


programs). It ean be used by students in traditional, sys- 
temie, eombined traditional/systemie, and problem-based 
curricula and will be particularly useful to students when 
lectures and laboratories in gross anatomy are minimal. 

ORGANIZATION 

Using a regional approaeh, Gray’s Anatomy for Students 
progresses through the body in a logieal fashion, building 
on the body’s complexities as the reader beeomes more 
eomfortable with the subject matter. Eaeh ehapter ean be 
used as an independent learning module, and varying the 
sequence will not affeet the quality of the educational 
experience. The sequence we have ehosen to follow is baek, 
thorax, abdomen, pelvis and perineum, lower limb, upper 
limb, and head and neek. 

We begin with “The body,” which eontains an overview 
of the diseipline of gross anatomy and an introduction to 
imaging modalities and general body systems. We follow 
this with the baek because it is often the first area disseeted 
by students. The thorax is next because of its eentral loea- 
tion and its eontents (i.e., the heart, the great vessels, and 
the lungs). This also begins a progression through the 
body’s eavities. The abdomen and pelvis and perineum 
follow logieally in sequence from the thorax. Continuing 
downward toward the feet, the lower limb is next, followed 
by the upper limb. The last region discussed is the head and 
neek. This region eontains some of the most difficult 
anatomy in the body. Covering all other regions first gives 
the student the opportunity to build a strong foundation 
from which to understand this complex region. 

CONTENT 

Eaeh regional anatomy ehapter eonsists of four consecu- 
tive seetions: conceptual overview, regional anatomy, 
surface anatomy, and elinieal eases. 

The conceptual overview provides the basis on which 
information in the later seetions is built. This seetion ean 
be read independently of the rest of the text by students 
who require only a basie level of understanding and ean 
also be read as a summary of important eoneepts after the 
regional anatomy has been mastered. 

The regional anatomy seetion provides more detailed 
anatomy along with a substantial amount of relevant elin- 
ieal eorrelations. It is not an exhaustive discussion but 
instead provides information to a level that we feel is neees- 
sary for understanding the organization of the region. XÌ 
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Throughout this seetion, two levels of elinieal material are 
provided. Clinical hooks are fully integrated with the main 
anatomieal text and function to relate (“hook”) the 
anatomy discussed direetly to a elinieal applieation without 
taking students out of their train of thought and without 
disrupting the flow of the text. Although fully integrated 
with the anatomieal text, these passages are differentiated 
from it by the use of green highlighting. ‘Tn the elinie” 
summaries provide students with useful and relevant elini- 
eal information demonstrating how applying anatomieal 
knowledge faeilitates the solving of elinieal problems. 
These are spread throughout the text elose to the most 
relevant anatomieal discussion. 

Surface anatomy assists students in visualizing the rela- 
tionship between anatomieal structures and surface land- 
marks. This seetion also provides students with praetieal 
applieations of the anatomieal information, eombining 
visual inspeetion with functional assessment, as occurs 
during any type of patient examination. 

The fìnal seetion of eaeh ehapter eonsists of elinieal 
eases. These eases represent the third level of elinieal 
material in the book. In these eases the elinieal problem 
is deseribed, and a step-by-step proeess of questions and 
answers leads the reader to the resolution of the ease. The 
inclusion of these eases in eaeh ehapter provides students 
with the opportunity to apply an understanding of 
anatomy to the resolution of a elinieal problem. 

Illustrations are an integral part of any anatomy 
text. They must present the reader with a visual image 
that brings the text to life and presents views that will 
assist in the understanding and eomprehension of the 
anatomy. The artwork in this text aeeomplishes all of 
these goals. The illustrations are original and vibrant, 
and many views are unique. They have been designed 
to integrate with the text, present the anatomy in new 
ways, deal with the issues that students fìnd particularly 
difficult, and provide a conceptual framework for building 
further understanding. To ensure that the illustrations of 
the book work together and to enable students to eross- 
refer from one illustration to another, we have used stan- 
dard eolors throughout the book, except where indieated 
otherwise. 




lymphatie 



sympathetie fiber 



parasympathetie fiber 




postganglionie fiber (dotted) 


The position and size of the artwork was one of the 
parameters eonsidered in the overall design of eaeh page 
of the book. 

Clinical images are also an important tool in under- 
standing anatomy and are abundant throughout the text. 
Examples of state-of-the-art medieal imaging, including 
MRIs, CTs, PETs, and ultrasound, as well as high-quality 
radiographs, provide students with additional tools to 
inerease their ability to visualize anatomy in vivo and, 
thus, inerease their understanding. 


What the book does not eontain 

Gray’s Anatomy for Students focuses on gross anatomy. 
While many curricula around the world are being pre- 
sented in a more integrated format eombining anatomy, 
physiology, histology, and embryology, we have focused this 
textbook on understanding only the anatomy and its appli- 
eation to elinieal problems. Except for some brief referenees 
to embryology where neeessary for a better understanding 
of the anatomy, material from other diseiplines is not 
included. We felt that there are many outstanding text- 
books eovering these subject areas, and that trying to 
eover everything in a single book would produce a text of 
questionable quality and usefulness, not to mention enor- 
mous size! 


• • 
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Terminology 

In any anatomieal text or atlas, terminology is always 
an interesting issue. In 1989, the Federative Committee 
on Anatomieal Terminology (FCAT) was formed and 
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was eharged with developing the offieial terminology of 
the anatomieal seienees. The Terminologia Anatomiea 
(2nd edition, Thieme, Stuttgart/New York, 2011) was a 
joint publication by this group and the 56 member assoeia- 
tions of the International Federation of Assoeiations of 
Anatomists (IFAA). Wehave ehosen to use the terminology 
presented in this publication in the interest of uniformity. 
Other terminology is not ineorreet; we just felt that using 
terminology from this single, internationally reeognized 
source would be the most logieal and straightforward 
approaeh. 

Although we use anatomieal terms for orientation as 
much as possible, we also use terms such as “behind” or 
‘fin front of ” oeeasionally to make the text more readable. 
In these eases, the context elarifies the meaning. 

Anatomieal use of adverbs 

During the writing of this book, we had many long discus- 
sions about how we were going to deseribe anatomieal rela- 
tionships as elearly as possible, but maintain the readability 
of the text. One issue that arose continually in our discus- 
sions was the eorreet use of the “-ly” adverb form of 


anatomieal orientation terms, such as anterior, posterior, 
superior, inferior, lateral, and medial. We reaehed the fol- 
lowing consensus: 

-ly adverbs e.g., anteriorlg, posteriorly , have been used to 
modify (deseribe) verbs in passages where an aetion or 
direetion is mentioned. For example, “The traehea 
passes inferiorly through the thorax.” 
circumstantial adverbs, e.g., anterior, posterior, have been 
used to indieate the fixed loeation of an anatomieal 
feature. For example, “The traehea is anterior to the 
esophagus.” 

Furthermore, both usages may occur in the same 
passage. For example, “The traehea passes inferiorly 
through the thorax, anterior to the esophagus.” 

We have very much enjoyed the proeess of putting this 
book together. We hope that you enjoy using it to the same 
degree. 

Riehard L. Drake 
A. Wayne Vogl 
Adam W. M. Mitehell 


XIII 


This page intentionally left blank 


Index of Ginieal Content 


7 The body 


In the Ginie 

Determination of skeletal age 14 

Bone marrovv transplants 15 

Bone fractures 16 

Avascular neerosis 16 

Osteoporosis 17 

Epiphyseal fractures 18 

Degenerative joint disease 22 

Joint replaeement 24 

The importanee of faseias 25 

Muscle paralysis 26 

Muscle atrophy 26 

Muscle injuries and strains 26 

Atheroselerosis 27 

Varieose veins 28 

Anastomoses and eollateral circulation 28 
Lymph nodes 31 
Dermatomes and myotomes 37 
Referred pain 48 

eiinieal Case 

Appendieitis 50 


2 Baek 

In the Ginie 

Spina bifìda 74 
Vertebroplasty 74 
Seoliosis 75 
Kyphosis 76 

Variation in vertebral numbers 76 
The vertebrae and eaneer 77 
Osteoporosis 77 
Baek pain 79 

Herniation of intervertebral dises 79 

Joint diseases 80 

Ligamenta flava 82 

Vertebral fractures 82 

Surgical procedures on the baek 84 

Nerve injuries affeeting superfìcial baek muscles 99 

Lumbar eerebrospinal fluid tap 106 


Herpes zoster 109 

Baek pain—alternative explanations 110 

Clinical Cases 

Seiatiea versus lumbago 118 
Cervical spinal eord injury 118 
Psoas abseess 119 
Disseeting thoraeie aneurysm 119 
Saeral tumor 120 



ln the eiinie 

Axillary tail of breast 141 
Breast eaneer 141 
Cervical ribs 150 

Collection of sternal bone marrovv 152 

Ribfractures 152 

Surgical aeeess to the ehest 160 

Thoraeostomy (ehest) tube insertion 160 

intereostal nerve bloek 160 

Pleural effusion 167 

Pneumothorax 167 

Imaging the lungs 178 

High-resolution lung CT 178 

Bronehoseopy 178 

Lung eaneer 179 

Periearditis 184 

Perieardial effusion 184 

Constrictive periearditis 184 

Valve disease 197 

Ginieal terminology for eoronary arteries 201 
Heart attaek 202 

Gassie symptoms of heart attaek 203 

Are heart attaek symptoms the same in men and 
vvomen? 203 

Common eongenital heart defeets 203 

Cardiac auscultation 204 

Cardiac conduction system 206 

Eetopie parathyroid glands in the thymus 212 

Venous aeeess for eentral and dialysis lines 215 

Using the superior vena eava to aeeess the inferior 
vena eava 215 

Coarctation of the aorta 217 


XV 





Index of dinieal Content 


Thoraeie aorta 217 

Aortie areh and its anomalies 217 

Abnormal origin of great vessels 217 

The vagus nerves, recurrent laryngeal nerves, and 
hoarseness 221 

Esophageal eaneer 224 

Esophageal rupture 225 


Ginieal Cases 

Cervical rib 241 
Lung eaneer 242 
Chest wound 242 
Myoeardial infaretion 243 
Broken paeemaker 246 
Coarctation of the aorta 247 
Aortie disseetion 247 
Pneumonia 249 
Esophageal eaneer 250 
Venous aeeess 251 


4 Abdomen 

In the eiinie 

Surgical ineisions 278 

Laparoseopie surgery 279 

Cremasteric reflex 299 

Masses around the groin 301 

Peritoneum 305 

The greater omentum 308 

Epithelial transition between the abdominal 
esophagus and stomaeh 315 

Duodenal ulceration 315 

Examination of the upper gastrointestinal traet 316 
Examination of the bowel lumen 316 

Examination of the bowel wall and extrinsic 
masses 316 

Meekel's diverticulum 318 

Computed tomography (C“0 seanning and magnetie 
resonanee imaging (MRI) 318 

Carcinoma of the stomaeh 318 
Appendieitis 322 

Congenital disorders of the gastrointestinal 
traet 325 

Bowel obstruction 326 
Diverticular disease 327 
Ostomies 327 
Annular panereas 336 


Panereatie eaneer 336 

Segmental anatomy of the liver 339 

Gallstones 341 

Jaundice 341 

Spleen disorders 342 

Vascular supply to the gastrointestinal system 351 

Hepatie eirrhosis 356 

Surgery for obesity 365 

Psoas muscle abseess 371 

Diaphragmatie hernias 372 

Hiatus hernia 373 

LJrinary traet stones 380 

LJrinary traet eaneer 381 

Nephrostomy 382 

Kidney transplant 383 

Investigation of the urinary traet 385 

Abdominal aortie stent graft 389 

Inferior vena eava filter 391 

Retroperitoneal lymph node surgery 393 

eiinieal Cases 

Traumatic rupture of the diaphragm 410 
Chronic thrombosis of the inferior vena eava 410 

Liver biopsy in patients with suspected liver 
eirrhosis 411 

Hodgkin's lymphoma 412 

lnguinal hernia 413 

Llreterie stone 413 

Intraabdominal abseess 414 

Complications of an abdominoperinea 
reseetion 415 

Carcinoma of the head ofthe panereas 417 

Caval obstruction 418 

Diverticular disease 418 

Endoleak after endovascular repair of abdominal 
aortie aneurysm 419 

Metastatie lesions in the liver 420 


5 Pelvis and perineam 

ln the eiinie 

Bone marrow biopsy 444 
Pelvie fracture 446 

Common problems with the saero-iliae joints 448 
Pelvie measurements in obstetries 454 
Defeeation 456 
Episiotomy 460 


XVI 






Index of dinieal Content 


Digital reetal examination 462 

Carcinoma of the eolon and rectum 462 

Bladder stones 465 

Suprapubic eatheterization 466 

Bladder eaneer 466 

Bladder infeetion 469 

llrethral eatheterization 469 

Testicular tumors 470 

Vaseetomy 472 

Prostate problems 474 

Ovarian eaneer 477 

Imaging the ovary 477 

Hystereetomy 478 

Tubal ligation 479 

Carcinoma of the cervix and uterus 480 
The recto-uterine pouch 481 
Pudendal bloek 491 
Prostateetomy and impotenee 495 
Abseesses in the isehio-anal fossae 504 
Hemorrhoids 504 
Llrethral rupture 512 

eiinieal Cases 

Varieoeele 527 

Seiatie nerve eompression 528 

Pelvie kidney 528 

Left eommon iliae artery obstruction 529 
latrogenie ureteric injury 530 
Eetopie pregnaney 530 
Uterinetumor 531 
Uterine fìbroids 532 


6 


Lower limb 


ln the Clinic 

Pelvie fractures 553 
Femoral neek fractures 557 
Intertroehanterie fractures 558 
Femoral shaft fractures 558 
Varieose veins 569 
Deep vein thrombosis 569 
Vascular aeeess to the lovver limb 573 
Trendelenburg's sign 577 
lntramuscular injeetions 581 
Compartment syndrome 590 
Muscle injuries to the lovver limb 599 
Peripheral vascular disease 603 


Soft tissue injuries to the knee 613 

Degenerative joint disease/osteoarthritis 614 

Examination of the knee joint 614 

Anterolateral ligament of the knee 615 

Aehilles tendon rupture 623 

Neurological examination of the legs 625 

Footdrop 633 

Fracture of the talus 638 

Ankle fractures 641 

Bunions 645 

Morton's neuroma 661 


eiinieal Cases 

Varieose veins 672 
Knee joint injury 673 
Fracture of neek of femur 676 
Deep vein thrombosis 677 
Ruptured ealeaneal tendon 678 
Popliteal artery aneurysm 679 
Anterior talofìbular ligament tear 680 


7 p oer iimb 

ln the Clinic 

Fracture of the proximal humerus 705 

Fractures of the elaviele and disloeations of the 
acromioclavicular and sternoclavicular joints 711 

Disloeations of the glenohumeral joint 712 

Rotator cuff disorders 712 

Inflammation of the subacromial (subdeltoid) 
bursa 713 

Quadrangular spaee syndrome 720 

"VVinging" of the scapula 727 

Imaging the blood supply to the upper limb 737 

Trauma to the arteries of the upper limb 737 

Subclavian/axillary venous aeeess 737 

lnjuries to the braehial plexus 747 

Breast eaneer 749 

Rupture of bieeps tendon 755 

Blood pressure measurement 756 

Radial nerve injury in the arm 763 

Median nerve injury in the arm 763 

Supracondylar fracture of the humerus 766 

Pulled elbovv 766 

Developmental ehanges in the elbovv joint 767 
Fracture of the head of radius 768 


xvii 



Index of dinieal Content 


'Tennis" and "golfer's" elbow (epieondylitis) 768 

Elbow arthritis 768 

Ulnar nerve injury at the elbow 768 

Construction of a dialysis fìstula 770 

Fractures of the radius and ulna 774 

Transeetion of the radial or ulnar artery 783 

Fracture of the seaphoid and avascular neerosis of 
the proximal seaphoid 797 

Carpal tunnel syndrome 798 

Snuffbox 801 

De Quervain's syndrome 802 
Tenosynovitis 802 
Trigger fìnger 802 
Allen'stest 814 
Venipuncture 814 
Ulnar nerve injury 816 
Radial nerve injury 818 


Clinical Cases 

Shoulder problem after falling on an outstretched 
hand 829 

Winged scapula 829 

Braehial plexus nerve bloek 830 

Complication of a fractured fìrst rib 830 

Median nerve eompression 831 

Immobilizing the extensor digitomm muscle 831 

Torn supraspinatus tendon 832 

How to examine the hand 833 

Shoulder joint problem 834 


8 Head and neek 


In the eiinie 

Medieal imaging of the head 871 
Fractures of the skull vault 872 
Hydrocephalus 877 
Cerebrospinal fluid leak 878 
Meningitis 878 
Brain tumors 878 
Stroke 883 
Endartereetomy 885 
intraeerebral aneurysms 885 
Sealp and meninges 890 
Head injury 891 

Types of intraeranial hemorrhage 891 


Emissary veins 893 
Concussion 893 

Clinical assessment of patients with head injury 893 

Treatment of head injury 893 

Cranial nerve lesions 901 

Overview of eranial nerves 901 

Parotid gland 913 

Faeial nerve [VII] palsy (Bell's palsy) 921 
Trigeminal neuralgia 921 
Sealp laeeration 926 
Orbital fracture 928 
Horner's syndrome 931 
Examination of the eye 940 
Glaucoma 948 
Cataracts 948 
Ophthalmoseopy 949 

High-defìnition optieal eoherenee tomography 951 
Examination of the ear 957 
Swimmer's ear 957 
Surfer's ear 958 

Tympanie membrane perforation 958 

Mastoiditis 961 

Lingual nerve injury 987 

Dental anesthesia 989 

Faseial planes of the head and neek 1004 

Central venous aeeess 1005 

Jugular venous pulse 1013 

Thyroid gland 1020 

Thyroideetomy 1021 

Thyroid gland pathology 1021 

Eetopie parathyroid glands 1022 

Recurrent laryngeal nerve palsy 1034 

Ginieal lymphatie drainage of the head and 
neek 1040 

Traeheostomy 1065 

Laryngoseopy 1065 

Deviated nasal septum 1077 


eiinieal Cases 

Multinodular goiter 1129 

Parotid duct calculus 1130 

Extradural hematoma 1131 

Stenosis of the internal earotid artery 1132 

Posterior communicating artery aneurysm 1133 

Recurrent epistaxis 1133 

Complication of orbital fracture 1134 

Pituitary maeroadenoma 1135 



Contents 



What is anatomy? 2 

How ean gross anatomy be studied? 2 
Important anatomieal terms 2 

Imaging 5 

Diagnostie imaging techniques 5 
Nuclear medieine imaging 8 

Image interpretation 10 

Plain radiography 10 
Computed tomography 10 
Magnetie resonanee imaging 11 
Nuclear medieine imaging 11 

Safety in imaging 11 
Body systems 12 

Skeletal system 12 
Cartilage 12 
Bone 13 
Joints 18 

Skin and faseias 24 
Skin 24 
Faseia 24 

Muscular system 25 
Cardiovascular system 27 

Lymphatie system 29 

Lymphatie vessels 29 
Lymph nodes 30 
Lymphatie trunks and ducts 30 

Nervous system 31 

Central nervous system 31 
Functional subdivisions of the CNS 32 

Somatie partofthe nervous system 33 
Viseeral part of the nervous system 38 

Other systems 48 

Ginieal ease 50 



Conceptual overvievv 53 

General deseription 53 

Functions 54 
Support 54 
Movement 54 

Proteetion of the nervous system 55 


Componentparts 56 

Bones 56 
Muscles 57 
Vertebral eanal 59 
Spinal nerves 60 

Relationship to other regions 61 

Head 61 

ThoraK, abdomen, and pelvis 62 
Limbs 62 

Key features 62 

Long vertebral column and short spinal eord 62 
Intervertebral foramina and spinal nerves 63 
Innervation of the baek 63 

Regional anatomy 64 

Skeletal framework 64 

Vertebrae 64 

Intervertebral foramina 72 

Posterior spaees between vertebral arehes 73 

Joints 77 

Joints between vertebrae in the baek 77 

Ligaments 80 

Anterior and posterior longitudinal ligaments 80 
Ligamenta flava 80 

Supraspinous ligament and ligamentum nuchae 81 
lnterspinous ligaments 82 

Baek musculature 84 

Superfìcial group of baek muscles 84 
Intermediate group of baek muscles 90 
Deep group of baek muscles 92 
Suboccipital muscles 97 

Spinal eord 99 

Vasculature 100 
Meninges 103 

Arrangement of structures in the vertebral 
eanal 104 
Spinal nerves 106 

Surface anatomy 111 

Baek surface anatomy 111 

Absenee of lateral curvatures 111 

Primary and seeondary curvatures in the sagittal 
plane 112 

Useful non vertebral skeletal landmarks 112 

How to identify speeifie vertebral spinous 
proeesses 114 

Visualizing the inferior ends ofthe spinal eord and 
subarachnoid spaee 115 

Identifying major muscles 116 

eiinieal eases 118 







Contents 




Conceptual overview 123 

General deseription 123 

Functions 124 
Breathing 124 
Proteetion of vital organs 124 
Conduit 124 

Component parts 124 

Thoraeievvall 124 
Superior thoraeie aperture 126 
Inferior thoraeie aperture 126 
Diaphragm 127 
Mediastinum 128 
Pleural eavities 128 

Relationship to other regions 130 

Neek 130 
Llpper limb 130 
Abdomen 130 
Breast 131 

Key features 132 
Vertebral level TIV/V 132 
Venous shunts from left to right 132 
Segmental neurovascular supply of thoraeie 
wall 134 

Sympathetie system 136 

Flexible wall and inferior thoraeie aperture 136 

Innervation of the diaphragm 138 

Regional anatomy 139 

Peetoral region 139 

Breast 139 

Muscles of the peetoral region 142 

Thoracicwall 143 

Skeletal framework 143 
intereostal spaees 150 

Diaphragm 161 

Arterial supply 162 
Venous drainage 162 
Innervation 162 

Movements of the thoraeie wall and diaphragm 
during breathing 162 

Pleural eavities 162 
Pleura 163 
Lungs 167 

Mediastinum 180 
Middle mediastinum 180 
Superior mediastinum 210 
Posterior mediastinum 222 
Anterior mediastinum 230 

Surface anatomy 231 

Thorax surface anatomy 231 


Thorax 


How to count ribs 231 

Surface anatomy of the breast in women 232 

Visualizing structures at the TiV/V vertebral 
level 232 

Visualizing structures in the superior 
mediastinum 234 

Visualizing the margins of the heart 235 

Where to listen for heart sounds 236 

Visualizing the pleural eavities and lungs, pleural 
reeesses, and lung lobes and fissures 236 

Where to listen for lung sounds 238 

Ginieal eases 241 



A bdomen 


Conceptual overview 255 

General deseription 255 
Functions 256 

Houses and proteets major viseera 256 
Breathing 258 

Changes in intraabdominal pressure 258 

Component parts 259 
Wall 259 

Abdominal eavity 260 
Inferior thoraeie aperture 262 
Diaphragm 262 
Pelvie inlet 263 

Relationship to other regions 263 

Thorax 263 
Pelvis 263 
Lower limb 264 

Key features 265 

Arrangement of abdominal viseera in the adult 265 
Skin and muscles of the anterior and lateral 
abdominal wall and thoraeie intereostal 
nerves 268 

The groin is a weak area in the anterior abdominal 
wall 269 

Vertebral level Ll 271 

The gastrointestinal system and its derivatives are 
supplied by three major arteries 271 
Venous shunts from left to right 273 
All venous drainage from the gastrointestinal system 
passes through the liver 274 
Abdominal viseera are supplied by a large 
prevertebral plexus 276 

Regional anatomy 277 

Surface topography 277 

Four-quadrant pattern 277 
Nine-region pattern 278 


XX 







Contents 


Abdominal wall 280 

Superficial faseia 280 
Anterolateral muscles 282 
Extraperitoneal faseia 288 
Peritoneum 288 
Innervation 289 

Arterial supply and venous drainage 291 
Lymphatie drainage 292 

Groin 292 
lnguinal eanal 294 
lnguinal hernias 299 

Abdominal viseera 303 

Peritoneum 303 
Peritoneal eavity 304 
Organs 310 
Arterial supply 343 
Venous drainage 354 
Lymphaties 358 
Innervation 358 

Posterior abdominal region 366 
Posterior abdominal wall 367 
Viseera 373 
Vasculature 387 
Lymphatie system 392 
Nervous system in the posterior abdominal 
region 394 

Sympathetie trunks and splanehnie nerves 394 

Surface anatomy 402 

Abdomen surface anatomy 402 

Defining the surface projeetion of the abdomen 402 

How to find the superficial inguinal ring 403 

How to determine lumbar vertebral levels 404 

Visualizing structures at the Ll vertebral level 405 

Visualizing the position of major blood vessels 406 

(Jsing abdominal quadrants to loeate major 
viseera 407 

Defining surface regions to which pain from the gut is 
referred 408 

Where to find the kidneys 409 
Where to find the spleen 409 

Clinical eases 410 

Pelvis and permeum 

Conceptual overvievv 423 

General deseription 423 
Functions 423 

Contain and support bladder, rectum, anal eanal, and 
reproductive traets 423 
Anehors the roots of the external genitalia 425 


Component parts 426 

Pelvie inlet 426 
Pelvie walls 426 
Pelvie outlet 428 
Pelvie floor 429 
Pelvie eavity 429 
Perineum 430 

Relationship to other regions 432 

Abdomen 432 
Lower limb 433 

Key features 434 

The pelvie eavity projeets posteriorly 434 
Important structures eross the ureters in the pelvie 
eavity 435 

The prostate in men and the uterus in women are 
anterior to the rectum 436 
The perineum is innervated by saeral spinal eord 
segments 436 

Nerves are related to bone 437 
Parasympathetie innervation from spinal eord levels 
S2 to S4 eontrols ereetion 438 
Muscles and faseia of the pelviefloor and perineum 
interseet at the perineal body 439 
The course of the urethra is different in men and 
women 440 

Regional anatomy 441 

Pelvis 441 

Bones 441 
Joints 446 
Orientation 448 

Differenees between men and women 448 

True pelvis 449 

Viseera 460 

Faseia 481 

Peritoneum 481 

Nerves 486 

Blood vessels 495 

Lymphaties 501 

Perineum 502 
Borders and eeiling 502 

isehio-anal fossae and their anterior reeesses 504 

Anal triangle 504 

Llrogenital triangle 506 

Somatie nerves 513 

Viseeral nerves 515 

Blood vessels 516 

Veins 516 

Lymphaties 519 

Surface anatomy 520 

Surface anatomy of the peívis and perineum 520 

Orientation of the pelvis and perineum in the 
anatomieal position 520 





Contents 


How to define the margins of the perineum 520 

identifieation of structures in the anal triangle 522 

identifieation ofstructures in the urogenital triangle 
of women 523 

identifieation ofstructures in the urogenital triangle 
ofmen 524 

Ginieal eases 527 



Lovverlimb 


Conceptual overvievv 535 

General introduction 535 

Function 537 

Support the body vveight 537 
Loeomotion 537 

Component parts 539 

Bones and joints 539 
Muscles 543 

Relationship to other regions 545 

Abdomen 545 
Pelvis 545 
Perineum 545 

Key points 545 

Innervation is by lumbar and saeral spinal 
nerves 545 

Nerves related to bone 550 
Superficial veins 550 

Regional anatomy 551 

Bony pelvis 551 
Proximal femur 554 
Hipjoint 558 

Gatevvays to the lovver limb 562 

Nerves 563 

Arteries 566 

Veins 568 

Lymphaties 570 

Deep faseia and the saphenous opening 571 
Femoral triangle 572 

Gluteal region 574 

Muscles 574 
Nerves 579 
Arteries 582 
Veins 583 
Lymphaties 583 

Thigh 583 

Bones 584 
Muscles 589 
Arteries 600 
Veins 603 


Nerves 603 
Kneejoint 606 
Tibiofibular joint 616 
Popliteal fossa 616 

Leg 618 

Bones 618 
Joints 620 

Posterior eompartment of leg 621 
Lateral eompartment of leg 628 
Anterior eompartment of leg 630 

Foot 633 

Bones 634 
Joints 638 

Tarsal tunnel, retinacula, and arrangement of major 
structures at the ankle 646 
Arehes of the foot 648 
Plantar aponeurosis 649 
Fibrous sheaths of toes 649 
Extensor hoods 650 
intrinsie muscles 650 
Arteries 657 
Veins 659 
Nerves 659 

Surface anatomy 663 

Lower limb surface anatomy 663 

Avoiding the seiatie nerve 663 

Finding the femoral artery in the femoral 
triangle 664 

Identifying structures around the knee 664 

Visualizing the eontents of the popliteal fossa 666 

Finding the tarsal tunnel—the gateway to the 
foot 667 

Identifying tendons around the ankle and in the 
foot 668 

Finding the dorsalis pedis artery 669 

Approximating the position of the plantar arterial 
areh 669 

Major superficial veins 670 
Pulse points 671 

eiinieal eases 672 



Conceptual overview 685 

General deseri ption 685 


Functions 686 
Positioning the hand 686 
The hand as a meehanieal tool 689 
The hand as a sensory tool 689 


XXII 







Contents 


eomponent parts 690 

Bones and joints 690 
Muscles 692 

Relationship to other regions 693 

Neek 693 

Baek and thoraeie wall 694 
Keypoints 695 

Innervation by eervieal and upper thoraeie 
nerves 695 

Nerves related to bone 699 
Superfìcial veins 700 
Orientation of the thumb 701 

Regional anatomy 702 

Shoulder 702 

Bones 702 
Joints 705 
Muscles 713 

Posterior scapular region 716 

Muscles 717 

Gateways to the posterior scapular region 717 

Nerves 719 

Arteries and veins 719 

Axilla 721 

Axillary inlet 723 

Anterior wall 723 

Medial wall 726 

Lateral wall 727 

Posterior wall 728 

Gateways in the posterior wall 730 

Floor 731 

Contents of the axilla 731 

Arm 750 

Bones 751 
Muscles 754 
Arteries and veins 756 
Nerves 760 

Elbow joint 764 

Cubital fossa 768 

Forearm 771 

Bones 773 
Joints 774 

Anterior eompartment of the forearm 776 

Muscles 776 
Arteries and veins 782 
Nerves 784 

Posterior eompartment of the forearm 785 

Muscles 785 
Arteries and veins 791 
Nerves 792 

Hand 792 

Bones 793 
Joints 795 


Carpal tunnel and structures at the wrist 798 

Palmar aponeurosis 800 

Palmaris brevis 800 

Anatomieal snuffbox 800 

Fibrous digital sheaths 801 

Extensor hoods 802 

Muscles 804 

Arteries and veins 810 

Nerves 814 

Surface anatomy 819 

Llpper limb surface anatomy 819 

Bony landmarks and muscles ofthe posterior 
scapular region 819 

Visualizing the axilla and loeating eontents and 
related structures 820 

Loeating the braehial artery in the arm 821 

The trieeps braehii tendon and position ofthe radial 
nerve 822 

Cubital fossa (anterior view) 822 

Identifying tendons and loeating major vessels and 
nerves in the distal forearm 824 

Normal appearanee of the hand 825 

Position of the flexor retinaculum and the recurrent 
braneh of the median nerve 826 

Motor function of the median and ulnar nerves in the 
hand 826 

Visualizing the positions of the superficial and deep 
palmar arehes 827 

Pulse points 827 

Ginieal eases 829 



Head and neek 


Conceptual overvievv 837 

General deseription 837 

Head 837 
Neek 839 

Functions 841 
Proteetion 841 

Contains upper parts of respiratory and digestive 
traets 841 
Communication 841 
Positioning the head 841 
Connects the upper and lower respiratory and 
digestive traets 841 

Component parts 842 
Skull 842 

Cervical vertebrae 844 





Contents 


Hyoid bone 845 
Soft palate 846 
Muscles 846 

Relationship to other regions 847 

Thorax 847 
llpper limbs 847 

Key featares 848 

Vertebral levels CIII/IV and CV/VI 848 
Airway in the neek 849 
Cranial nerves 850 
Cervical nerves 851 

Functional separation of the digestive and respiratory 
passages 851 
Triangles of the neek 854 

Regional anatomy 855 

Skull 855 

Anterior view 855 
Lateral view 857 
Posterior view 859 
Superiorview 860 
Inferior view 860 

Cranial eavity 864 

Roof 864 
Floor 865 

Meninges 873 
Cranial dura mater 873 
Araehnoid mater 876 
Pia mater 877 

Arrangement of meninges and spaees 877 

Brain and its blood supply 879 

Brain 879 

Blood supply 879 

Venous drainage 886 

Granial nerves 894 

Olfaetory nerve [1] 896 

Optie nerve [11] 896 

Oculomotor nerve [111] 897 

Troehlear nerve [IV] 897 
Trigeminal nerve [V] 898 

Ophthalmie nerve [Vd 898 
Maxillary nerve [V 2 ] 898 

Mandibular nerve [V 3 ] 898 

Abducent nerve [VI] 898 
Faeial nerve [VII] 898 
Vestibulocochlear nerve [VIII] 899 
Glossopharyngeal nerve [IX] 899 
Vagus nerve [X] 900 
Aeeessory nerve [XI] 900 
Hypoglossal nerve [XII] 900 

Faee 904 

Muscles 904 
Parotid gland 911 
Innervation 914 


Vessels 916 

Sealp 922 

Layers 922 
Innervation 924 
Vessels 925 
Lymphatie drainage 926 

Orbit 927 

Bony orbit 927 
Eyelids 928 
Laerimal apparatus 932 
Sensory innervation 933 
Fissures and foramina 934 
Faseial speeializations 935 
Muscles 936 
Vessels 941 
Innervation 942 
Eyeball 947 

Ear 953 

External ear 954 
Middle ear 958 
Internal ear 965 

Temporal and infratemporal fossae 972 

Bony framework 973 
Temporomandibular joints 975 
Masseter muscle 977 
Temporal fossa 978 
Infratemporal fossa 981 

Pterygopalatine fossa 992 

Skeletal framework 993 
Gateways 994 
Contents 994 

Neek 1000 

Faseia 1000 

Superficial venous drainage 1003 
Anterior triangle of the neek 1006 
Posterior triangle of the neek 1023 
Root of the neek 1030 

Pharynx 1040 

Skeletal framework 1041 
Pharyngeal wall 1042 
Faseia 1045 

Gaps in the pharyngeal wall and structures passing 
through them 1046 
Nasopharynx 1046 
Oropharynx 1048 
Laryngopharynx 1048 
Tonsils 1048 
Vessels 1049 
Nerves 1051 

Larynx 1052 

Laryngeal eartilages 1053 
Extrinsic ligaments 1056 
intrinsie ligaments 1057 


Contents 


Laryngeal joints 1058 
Cavity of the larynx 1059 
Intrinsie muscles 1061 
Function ofthe larynx 1064 
Vessels 1066 
Nerves 1068 

Nasal eavities 1069 
Lateral wall 1070 
Regions 1071 

Innervation and blood supply 1072 

Skeletal framework 1072 

External nose 1074 

Paranasal sinuses 1074 

VValls, floor, and roof 1076 

Nares 1080 

Choanae 1081 

Gateways 1082 

Vessels 1082 

Innervation 1085 

Oral eavity 1087 

Multiple nerves innervate the oral eavity 1088 

Skeletal framework 1088 

VValls: the eheeks 1091 

Floor 1092 

Tongue 1095 

Salivary glands 1102 


Roof—palate 1105 
Oral fissure and lips 1113 
Oropharyngeal isthmus 1114 
Teeth and gingivae 1114 

Surface anatomy 1120 

Head and neek sarfaee anatomy 1120 

Anatomieal position ofthe head and major 
landmarks 1120 

Visualizing structures at the CIII/CIV and CVI vertebral 
levels 1121 

How to outline the anterior and posterior triangles of 
the neek 1122 

How to loeate the erieothyroid ligament 1123 

How to find the thyroid gland 1124 

Estimating the position ofthe middle meningeal 
artery 1124 

Major features of the faee 1125 

The eye and laerimal apparatus 1126 

Externalear 1127 

Pulse points 1128 

eiinieal eases 1129 


XXV 



This page intentionally left blank 


ADDITIONAL LEARNING RESOURCES 

for Chapter 1, The Body, 
on STUDENT CONSULT 

( ) 


Image Library—illustrations for Chapter 1 
■ Short Questions—these are questions requiring 
short responses, Chapter 1 





What is anatomy? 

How ean gross anatomy be studied? 
Important anatomieal terms 

Imaging 

Diagnostie imaging techniques 
Nuclear medieine imaging 
Itnage ìnterpretation 

Plain radiography 
Computed tomography 
Magnetie resonanee imaging 
Nuclear medieine imaging 
Safety in imaging 

Body systems 

Skeletal system 

Cartilage 

Bone 

Joints 

Skin and faseias 

Skin 

Faseia 

Muscular system 
Cardiovascular system 
Lymphatie system 

Lymphatie vessels 
Lymph nodes 

Lymphatie trunks and ducts 
Nervous system 

Central nervous system 
Functional subdivisions of the CNS 
Somatie part of the nervous system 
Viseeral part of the nervous system 
Other systems 

dinieal eases 



















The Body 


What is anatomy? 


Anatomy includes those structures that ean be seen grossly 
(without the aid of magnifieation) and mieroseopieally 
(with the aid of magnifieation). Typieally, when used by 
itself, the term anatomy tends to mean gross or maero- 
seopie anatomy—that is, the study of structures that ean 
be seen withoutusing a mieroseopie. Mieroseopie anatomy, 
also ealled histology, is the study of eells and tissues using 
a mieroseope. 

Anatomy forms the basis for the praetiee of medieine. 
Anatomy leads the physieian toward an understanding of 
a patient’s disease, whether he or she is earrying out a 
physieal examination or using the most advaneed imaging 
techniques. Anatomy is also important for dentists, ehiro- 
praetors, physieal therapists, and all others involved in any 
aspeet of patient treatment that begins with an analysis of 
elinieal signs. The ability to interpret a elinieal observation 
eorreetly is therefore the endpoint of a sound anatomieal 
understanding. 

Observation and visualization are the primary teeh- 
niques a student should use to learn anatomy. Anatomy is 
much more than just memorization of lists of names. 
Although the language of anatomy is important, the 
network of information needed to visualize the position of 
physieal structures in a patient goes far beyond simple 
memorization. Knowing the names of the various branehes 
of the external earotid artery is not the same as being able 
to visualize the course of the lingual artery from its origin 
in the neek to its termination in the tongue. Similarly, 
understanding the organization of the soft palate, how it is 
related to the oral and nasal eavities, and how it moves 
during swallowing is very different from being able to reeite 
the names of its individual muscles and nerves. An under- 
standing of anatomy requires an understanding of the 
context in which the terminology ean be remembered. 

How ean gross anatomy be studied? 

The term anatomy is derived from the Greek word temnein , 
meaning “to cut.” Clearly, therefore, the study of anatomy 
is linked, at its root, to disseetion, although disseetion of 
eadavers by students is now augmented, or even in some 
eases replaeed, by viewing proseeted (previously disseeted) 
material and plastie models, or using computer teaehing 
modules and other learning aids. 

Anatomy ean be studied following either a regional or a 
systemie approaeh. 

With a regional approaeh, eaeh region of the body 

is studied separately and all aspeets of that region 


are studied at the same time. For example, if the thorax 
is to be studied, all of its structures are examined. 
This includes the vasculature, the nerves, the bones, 
the muscles, and all other structures and organs 
loeated in the region of the body defined as the 
thorax. After studying this region, the other regions of 
the body (i.e., the abdomen, pelvis, lower limb, upper 
limb, baek, head, and neek) are studied in a similar 
fashion. 

■ In eontrast, in a systemie approaeh, eaeh system of 
the body is studied and followed throughout the entire 
body. For example, a study of the cardiovascular system 
looks at the heart and all of the blood vessels in the body. 
When this is eompleted, the nervous system (brain, 
spinal eord, and all the nerves) might be examined in 
detail. This approaeh continues for the whole body until 
every system, including the nervous, skeletal, muscular, 
gastrointestinal, respiratory, lymphatie, and reproduc- 
tive systems, has been studied. 

Eaeh of these approaehes has benefits and defieieneies. 
The regional approaeh works very well if the anatomy 
course involves eadaver disseetion but falls short when 
it eomes to understanding the continuity of an entire 
system throughout the body. Similarly, the systemie 
approaeh fosters an understanding of an entire system 
throughout the body, but it is very diffiailt to eoordinate 
this direetly with a eadaver disseetion or to acquire suffi- 
eient detail. 

Important anatomieal terms 

The anatomieal position 

The anatomieal position is the standard referenee position 
of the body used to deseribe the loeation of structures (Fig. 
1.1). The body is in the anatomieal position when standing 
upright with feet together, hands by the side and faee 
looking forward. The mouth is elosed and the faeial expres- 
sion is neutral. The rim of bone under the eyes is in the 
same horizontal plane as the top of the opening to the 
ear, and the eyes are open and focused on something in 
the distanee. The palms of the hands faee forward with the 
fingers straight and together and with the pad of the thumb 
turned 90° to the pads of the fingers. The toes point 
forward. 

Anatomieal planes 

Three major groups of planes pass through the body in the 
anatomieal position (Fig. 1.1). 
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Fig. 1.1 The anatomieal position, planes, and terms of loeation and orientation. 









































Coronal planes are oriented vertieally and divide the 
body into anterior and posterior parts. 

Sagittal planes also are oriented vertieally but are at 
right angles to the eoronal planes and divide the body 
into right and left parts. The plane that passes through 
the eenter of the body dividing it into equal right and 
left halves is termed the median sagittal plane. 
Transverse, horizontal, or axial planes divide the 
body into superior and inferior parts. 

Terms to deseribe loeation 

Anterior (ventral) and posterior (dorsal), 
medial and lateral, superior and inferior 

Three major pairs of terms are used to deseribe the loeation 
of structures relative to the body as a whole or to other 
structures (Fig. 1.1). 

Anterior (or ventral) and posterior (or dorsal) 

deseribe the position of structures relative to the “front” 
and “baek” of the body. For example, the nose is an 
anterior (ventral) structure, whereas the vertebral 
column is a posterior (dorsal) structure. Also, the nose 
is anterior to the ears and the vertebral column is pos- 
terior to the sternum. 

Medial and lateral deseribe the position of structures 
relative to the median sagittal plane and the sides of 
the body. For example, the thumb is lateral to the little 
finger. The nose is in the median sagittal plane and is 
medial to the eyes, which are in turn medial to the exter- 
nal ears. 

Superior and inferior deseribe structures in referenee 
to the vertieal axis of the body. For example, the head is 
superior to the shoulders and the knee joint is inferior 
to the hip joint. 

Proximal and distal, eranial and caudal, 
and rostral 

Other terms used to deseribe positions include proximal 
and distal, eranial and caudal, and rostral. 


Proximal and distal are used with referenee to being 
eloser to or farther from a structure’s origin, particu- 
larly in the limbs. For example, the hand is distal to the 
elbow joint. The glenohumeral joint is proximal to the 
elbow joint. These terms are also used to deseribe 
the relative positions of branehes along the course of 
linear structures, such as airways, vessels, and nerves. 
For example, distal branehes occur farther away toward 
the ends of the system, whereas proximal branehes 
occur eloser to and toward the origin of the system. 
Cranial (toward the head) and caudal (toward the tail) 
are sometimes used instead of superior and inferior, 
respeetively. 

■ Rostral is used, particularly in the head, to deseribe the 
position of a structure with referenee to the nose. For 
example, the forebrain is rostral to the hindbrain. 

Superficial and deep 

Two other terms used to deseribe the position of structures 
in the body are superficial and deep. These terms are 
used to deseribe the relative positions of two structures 
with respeet to the surface of the body. For example, the 
sternum is superficial to the heart, and the stomaeh is deep 
to the abdominal wall. 

Superficial and deep ean also be used in a more absolute 
fashion to define two major regions of the body. The super- 
fieial region of the body is external to the outer layer of 
deep faseia. Deep structures are enelosed by this layer. 
Structures in the superficial region of the body include the 
skin, superficial faseia, and mammary glands. Deep struc- 
tures include most skeletal muscles and viseera. Superficial 
wounds are external to the outer layer of deep faseia, 
whereas deep wounds penetrate through it. 
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Diagnostie imaging techniques 

In 18 9 5 Wilhelm Roentgen used the X-rays from a eathode 
ray tube to expose a photographie plate and produce the 
fìrst radiographie exposure of his wife’s hand. Over the past 
30 years there has been a revolution in body imaging, 
which has been paralleled by developments in computer 
teehnology. 

Plain radiography 

The basie physies of X-ray generation has not ehanged. 

X-rays are photons (a type of eleetromagnetieradiation) 
and are generated from a complex X-ray tube, which is a 
type of eathode ray tube (Fig. 1.2). The X-rays are then 
eollimated (i.e., direeted through lead-lined shutters to stop 
them from fanning out) to the appropriate area, as deter- 
mined by the radiographie teehnieian. As the X-rays pass 
through the body they are attenuated (reduced in energy) 
by the tissues. Those X-rays that pass through the tissues 
interaet with the photographie film. 

In the body: 

air attenuates X-rays a little; 

fat attenuates X-rays more than air but less than 

water; and 

bone attenuates X-rays the most. 

These differenees in attemiation result in differenees in 
the level of exposure of the film. When the photographie 
film is developed, bone appears white on the film because 
this region of the film has been exposed to the least amount 
of X-rays. Air appears dark on the film because these 
regions were exposed to the greatest number of X-rays. 

Modifieations to this X-ray technique allow a continu- 
ous stream of X-rays to be produced from the X-ray tube 
and eolleeted on an input sereen to allow real-time visual- 
ization of moving anatomieal structures, barium studies, 
angiography, and fluoroscopy (Fig. 1.3). 


Tongsten filament 



cup 


Tungsten target 


Glass X-ray tube 




X-rays 


Anode 


Fig. 1.2 Cathode ray tube for the production of X-rays. 



Fig. 1.3 Fluoroscopy unit. 
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The Body 


Contrast agents 

To demonstrate speeifìe structures, such as bowel loops or 
arteries, it may be neeessary to fill these structures with a 
substance that attenuates X-rays more than bowel loops or 
arteries do normally. It is, however, extremely important 
that these substances are nontoxic. Barium sulfate, an 
insoluble salt, is a nontoxic, relatively high-density agent 
that is extremely useful in the examination of the gastro- 
intestinal traet. When bariiim sulfate suspension is 
ingested it attenuates X-rays and ean therefore be used to 
demonstrate the bowel lumen (Fig. 1.4). It is eommon to 
add air to the barium sulfate suspension, by either ingest- 
ing “fizzy” granules or direetly instilling air into the body 
eavity, as in a barium enema. This is known as a double- 
eontrast (air/barium) study. 

For some patients it is neeessary to injeet eontrast agents 
direetly into arteries or veins. In this ease, iodine-based 
molecules are suitable eontrast agents. Iodine is ehosen 
because it has a relatively high atomie mass and so mark- 
edly attenuates X-rays, but also, importantly, it is naturally 
excreted via the urinary system. Intra-arterial and intrave- 
nous eontrast agents are extremely safe and are well toler- 
ated by most patients. Rarely, some patients have an 
anaphylaetie reaetion to intra-arterial or intravenous 


injeetions, so the neeessary precautions must be taken. 
Intra-arterial and intravenous eontrast agents not only 
help in visualizing the arteries and veins but because they 
are excreted by the urinary system, ean also be used to 
visualize the kidneys, ureter, and bladder in a proeess 
known as intravenoiis urography. 

Subtraction angiography 

During angiography it is often difficult to appreeiate the 
eontrast agent in the vessels through the overlying bony 
structures. To eiremnvent this, the technique of subtrac- 
tion angiography has been developed. Simply, one or 
two images are obtained before the injeetion of eontrast 
media. These images are inverted (such that a negative is 
ereated from the positive image). After injeetion of the eon- 
trast media into the vessels, a further series of images are 
obtained, demonstrating the passage of the eontrast 
through the arteries into the veins and around the circula- 
tion. By adding the “negative preeontrast image” to the 
positive posteontrast images, the bones and soft tissues 
are subtracted to produce a solitary image of eontrast 
only. Before the advent of digital imaging this was a 
ehallenge, but now the use of computers has made this 
technique relatively straightforward and instantaneous 

(Fig. 1.5). 



Fig. 1.4 Barium sulfate follow-through. 


Fig. 1.5 Digital subtraction angiogram. 
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Ultrasound 

Ultrasonography of the body is widely used for all aspeets 
of medieine. 

Ultrasound is a very high frequency sound wave 
(not eleetromagnetie radiation) generated by piezoeleetrie 
materials, such that a series of sound waves is produced. 
Importantly, the piezoeleetrie material ean also reeeive the 
sound waves that bounce baek from the internal organs. 
The sound waves are then interpreted by a powerful 
computer, and a real-time image is produced on the 
display panel. 

Doppler ultrasound 

Developments in ultrasound teehnology, including the size 
of the probes and the frequency range, mean that a broad 
range of areas ean now be seanned. 

Traditionally ultrasound is used for assessing the 
abdomen (Fig. 1.6) and the fetus in pregnant women. 
Ultrasound is also widely used to assess the eyes, neek, soft 
tissues, and peripheral musculoskeletal system. Probes 
have been plaeed on endoseopes, and endoluminal ultra- 
sound of the esophagus, stomaeh, and duodenum is now 
routine. Endoeavity ultrasound is earried out most eom- 
monly to assess the genital traet in women using a 
transvaginal or transreetal route. In men, transreetal 
ultrasound is the imaging method of ehoiee to assess the 



Fig. 1.6 Ultrasound examination of the abdomen. 


prostate in those with suspected prostate hypertrophy or 
malignaney. 

Doppler ultrasound enables determination of flow, its 
direetion, and its veloeity within a vessel using simple 
ultrasound techniques. Sound waves bounce off moving 
structures and are returned. The degree of frequency shift 
determines whether the objeet is moving away from or 
toward the probe and the speed at which it is traveling. 
Preeise measurements of blood flow and blood veloeity ean 
therefore be obtained, which in turn ean indieate sites of 
bloekage in blood vessels. 

Computed tomography 

Computed tomography (CT) was invented in the 1970s by 
Sir Godfrey Hounsfield, who was awarded the Nobel Prize 
in Medieine in 1979. Sinee this inspired invention there 
have been many generations of CT seanners. A CT seanner 
obtains a series of images of the body (sliees) in the 
axial plane. 

The patient lies on a bed, an X-ray tube passes 
around the body (Fig. 1.7), and a series of images are 
obtained. A computer earries out a complex mathematieal 



Fig. 1.7 Computed tomography seanner. 
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transformation on the multitude of images to produce the 
final image (Fig. 1.8). 

Magnetie resonanee imaging 

Nuclear magnetie resonanee imaging was first deseribed in 
1946 and used to determine the structure of complex mol- 
ecules. The complexity of the physies neeessary to obtain 
an image is beyond the seope of this textbook, but the 
reader should be aware of how the image is produced and 
the types of images typieally seen in routine medieal 
praetiee. 

The proeess of magnetie resonanee imaging (MRI) is 
dependent on the free protons in the hydrogen nuclei in 
molecules of water (H 2 0). Because water is present in 
almost all biologieal tissues, the hydrogen proton is ideal. 
The protons within a patient’s hydrogen nuclei ean be 
regarded as small bar magnets, which are randomly ori- 
ented in spaee. The patient is plaeed in a strong magnetie 
field, which aligns the bar magnets. When a pulse of radio 
waves is passed through the patient the magnets are 
defleeted, and as they return to their aligned position they 
emit small radio pulses. The strength and frequency of the 
emitted pulses and the time it takes for the protons to 
return to their pre-excited state produce a signal. These 
signals are analyzed by a powerful computer, and an image 
is ereated (Fig. 1.9). 

By altering the sequence of pulses to which the protons 
are subjected, different properties of the protons ean be 
assessed. These properties are referred to as the “weight- 
ing” of the sean. By altering the pulse sequence and the 
seanning parameters, Tl-weighted images (Fig. 1.1 OA) 
and T2-weighted images (Fig. 1.1 OB) ean be obtained. 
These two types of imaging sequences provide differenees 
in image eontrast, which accentuate and optimize different 
tissue eharaeteristies. 

From the elinieal point of view: 

Most Tl-weighted images show dark fluid and bright 
fat—for example, within the brain the eerebrospinal 
fluid (CSF) is dark; 

T2-weighted images demonstrate a bright signal from 
fluid and an intermediate signal from fat—for example, 
in the brain the CSF appears white. 

MRI ean also be used to assess flow within vessels and 
to produce complex angiograms of the peripheral and eere- 
bral circulation. 


Nuclear medidne imaging 

Nuclear medieine involves imaging using gamma rays, 
8 which are another type of eleetromagnetie radiation. 



Fig. 1.8 Computed tomography sean of the abdomen at vertebral 
level L2. 



Fig. 1.9 A T2-weighted image in the sagittal plane of the pelvie 
viseera in a woman. 


The important differenee between gamma rays and 
X-rays is that gamma rays are produced from within the 
nucleus of an atom when an unstable nucleus deeays, 
whereas X-rays are produced by bombarding an atom with 
eleetrons. 

For an area to be visualized, the patient must reeeive a 
gamma ray emitter, which must have a number of proper- 
ties to be useful, including: 

■ a reasonable half-life (e.g., 6 to 24 hours), 
an easily measurable gamma ray, and 
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Fig. 1.10 Tl-weighted (A) and T2-weighted (B) magnetie resonanee 
images of the brain in the eoronal plane. 


energy deposition in as low a dose as possible in the 
patient’s tissues. 

The most eommonly used radionuclide (radioisotope) is 
technetium-99m. This may be injeeted as a technetium 
salt or eombined with other complex molecules. For 
example, by eombining technetium-99m with methylene 
diphosphonate (MDP), a radiopharmaceutical is produced. 
When injeeted into the body this radiopharmaceutical spe- 
eifieallybinds to bone, allowing assessment of the skeleton. 
Similarly, eombining technetium-99m with other eom- 
pounds permits assessment of other parts of the body, for 
example the urinary traet and eerebral blood flow. 

Depending on how the radiopharmaceutical is 
absorbed, distributed, metabolized, and excreted by the 
body after injeetion, images are obtained using a gamma 
eamera (Fig. 1.11). 

Positron emission tomography 

Positron emission tomography (PET) is an imaging modal- 
ity for deteeting positron-emitting radionuclides. A posi- 
tron is an anti-eleetron, which is a positively eharged 
partiele of antimatter. Positrons are emitted from the 
deeay of proton-rieh radionuclides. Most of these radionu- 
elides are made in a eyelotron and have extremely short 
half-lives. 

The most eommonly used PET radionuclide is fluorode- 
oxyglucose (FDG) labeled with fluorine-18 (a positron 



Fig. 1.11 A gamma eamera. 
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emitter). Tissues that are aetively metabolizing glucose 
take up this compound, and the resulting loealized high 
eoneentration of this molecule eompared to background 
emission is deteeted as a “hot spot.” 

PET has beeome an important imaging modality in the 
deteetion of eaneer and the assessment of its treatment 
and recurrence. 

IMAGE INTERPRETATION 

Imaging is neeessary in most elinieal speeialties to diag- 
nose pathologieal ehanges to tissues. It is paramount to 
appreeiate what is normal and what is abnormal. An 
appreeiation of how the image is obtained, what the 
normal variations are, and teehnieal eonsiderations is nee- 
essary to obtain a radiologieal diagnosis. Without under- 
standing the anatomy of the region imaged, it is impossible 
to eomment on the abnormal. 

Plain radiography 

Plain radiographs are undoubtedly the most eommon form 
of image obtained in a hospital or loeal praetiee. Before 
interpretation, it is important to know about the imaging 
technique and the views obtained as standard. 

In most instanees (apart from ehest radiography) 
the X-ray tube is 1 m away from the X-ray film. The objeet 
in question, for example a hand or a foot, is plaeed 
upon the film. When deseribing subject plaeement for radi- 
ography, the part elosest to the X-ray tube is referred to as 
“anterior” and that elosest to the film is referred to as 
“posterior.” 

When X-rays are viewed on a viewing box, the right side 
of the patient is plaeed to the observer’s left; therefore, the 
observer views the radiograph as though looking at a 
patient in the anatomieal position. 

Chest radiograph 

The ehest radiograph is one of the most eommonly 
requested plain radiographs. An image is taken with the 
patient ereet and plaeed posteroanteriorly (PA ehest 
radiograph). 

Oeeasionally, when patients are too unwell to stand 
ereet, films are obtained on the bed in an anteroposterior 
(AP) position. These films are less standardized than PA 
films, and caution should always be taken when interpret- 
ing AP radiographs. 

The plain ehest radiograph should always be 
eheeked for quality. Film markers should be plaeed on the 
appropriate side. (Oeeasionally patients have dextrocardia, 
which may be misinterpreted if the film marker is plaeed 


inappropriately.) A good-quality ehest radiograph will 
demonstrate the firngs, eardiomediastinal contour, dia- 
phragm, ribs, and peripheral soft tissues. 

Abdominal radiograph 

Plain abdominal radiographs are obtained in the AP 
supine position. From time to time an ereet plain abdomi- 
nal radiograph is obtained when small bowel obstruction 
is suspected. 

Gastrointestinal eontrast examinations 

High-density eontrast medium is ingested to opaeify the 
esophagus, stomaeh, small bowel, and large bowel. As 
deseribed previously (p. 6), the bowel is insufflated with air 
(or earbon dioxide) to provide a double-contrast study. In 
many countries, endoseopy has superseded upper gastro- 
intestinal imaging, but the mainstay of imaging the large 
bowel is the double-contrast barium enema. Typieally the 
patient needs to undergo bowel preparation, in which pow- 
erful eatharties are used to empty the bowel. At the time of 
the examination a small tube is plaeed into the rectum and 
a barium suspension is run into the large bowel. The 
patient undergoes a series of twists and turns so that the 
eontrast passes through the entire large bowel. The eon- 
trast is emptied and air is passed through the same tube to 
insufflate the large bowel. A thin layer of barium eoats the 
normal mucosa, allowing mucosal detail to be visualized 
(see Fig. 1.4). 

llrologieal eontrast studies 

Intravenous urography is the standard investigation for 
assessing the urinary traet. Intravenous eontrast medium 
is injeeted, and images are obtained as the medium is 
excreted through the kidneys. A series of films are obtained 
during this period from immediately after the injeetion up 
to approximately 20 minutes later, when the bladder is full 
of eontrast medium. 

This series of radiographs demonstrates the kidneys, 
ureters, and bladder and enables assessment of the retro- 
peritoneum and other structures that may press on the 
urinary traet. 

Computed tomography 

Computed tomography is the preferred terminology rather 
than computerized tomography, though both terms are 
used interehangeably by physieians. 

The general prineiples of computed tomography are 
deseribed on p. 7. It is important for the student to under- 
stand the presentation of images. Most images are acquired 
in the axial plane and viewed such that the observer looks 
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from below and upward toward the head (from the foot of 
the bed). By implieation: 

the right side of the patient is on the left side of the 
image, and 

the uppermost border of the image is anterior. 

Many patients are given oral and intravenous eontrast 
media to differentiate bowel loops from other abdominal 
organs and to assess the vascularity of normal anatomieal 
structures. When intravenous eontrast is given, the earlier 
the images are obtained, the greater the likelihood of arte- 
rial enhaneement. As the time is delayed between injeetion 
and image acquisition, a venous phase and an equilibrium 
phase are also obtained. 

The great advantage of CT seanning is the ability to 
extend and eompress the gray seale to visualize the bones, 
soft tissues, and viseeral organs. Altering the window set- 
tings and window eentering provides the physieian with 
speeifie information about these structures. 

Magnetie resonanee imaging 

There is no doubt that MRI has revolutionized the under- 
standing and interpretation of the brain and its eoverings. 
Furthermore, it has signifieantly altered the praetiee of 
musculoskeletal medieine and surgery. Images ean be 
obtained in any plane and in most sequences. Typieally the 
images are viewed using the same prineiples as CT. Intrave- 
nous eontrast agents are also used to further enhanee tissue 
eontrast. Typieally, MRI eontrast agents eontain paramag- 
netie substances (e.g., gadolinium and manganese). 

Nuclear medidne imaging 

Most nuclear medieine images are functional studies. 
Images are usually interpreted direetly from a computer, 
and a series of representative films are obtained for 
elinieal use. 


SAFETY IN IMAGING 

Whenever a patient undergoes an X-ray or nuclear medi- 
eine investigation, a dose of radiation is given (Table 1.1). 
As a general prineiple it is expected that the dose given is 
as low as reasonably possible for a diagnostie image to be 
obtained. Numerous laws govern the amount of radiation 
exposure that a patient ean undergo for a variety of proee- 
dures, and these are monitored to prevent any excess or 
additional dosage. Whenever a radiograph is booked, the 
elinieian ordering the procedure must appreeiate its neees- 
sity and understand the dose given to the patient to ensure 
that the benefits signifieantly outweigh the risks. 

Imaging modalities such as ultrasound and MRI are 
ideal because they do not impart signifieant risk to the 
patient. Moreover, ultrasound imaging is the modality of 
ehoiee for assessing the fetus. 

Any imaging deviee is expensive, and consequently 
the more complex the imaging technique (e.g., MRI) the 
more expensive the investigation. Investigations must be 
earried out judiciously, based on a sound elinieal history 
and examination, for which an understanding of anatomy 
is vital. 


Table 1.1 The approximate dosage of radiation exposure 


as an order of magnitude 


Examination 

Typieal 
effeetive 
dose (mSv) 

Equivalent duration 
of background 
exposure 

Chest radiograph 

0.02 

3 days 

Abdomen 

1.00 

6 months 

lntravenous urography 

2.50 

14 months 

CT sean of head 

2.30 

1 year 

CT sean of abdomen 
and pelvis 

10.00 

4.5 years 




Body systems 


SKELETAL SYSTEM 


The skeleton ean be divided into two subgroups, the axial 
skeleton and the appendicular skeleton. The axial skeleton 
eonsists of the bones of the skull (cranium), vertebral 
column, ribs, and sternum, whereas the appendicular skel- 
eton eonsists of the bones of the upper and lower limbs 

(Fig. 1.12). 

The skeletal system eonsists of eartilage and bone. 


Cartilage 

Cartilage is an avascular form of eonneetive tissue eonsist- 
ing of extracellular fibers embedded in a matrix that eon- 
tains eells loealized in small eavities. The amount and kind 
of extracellular fibers in the matrix varies depending on the 
type of eartilage. In heavy weightbearing areas or areas 
prone to pulling forees, the amount of eollagen is greatly 
inereased and the eartilage is almost inextensible. In eon- 
trast, in areas where weightbearing demands and stress are 
less, eartilage eontaining elastie fibers and fewer eollagen 
fibers is eommon. The functions of eartilage are to: 

■ support soft tissues, 

provide a smooth, gliding surface for bone articulations 
at joints, and 

enable the development and growth of long bones. 
There are three types of eartilage: 

■ hyaline—most eommon; matrix eontains a moderate 
amount of eollagen fibers (e.g., articular surfaces of 
bones); 

elastie—matrix eontains eollagen fibers along with a 
large number of elastie fibers (e.g., external ear); 
fibroeartilage—matrix eontains a limited number of 
eells and ground substance amidst a substantial amount 
of eollagen fibers (e.g., intervertebral dises). 



Axial skeleton 


Appendicular 

skeleton 


Cartilage is nourished by diffusion and has no blood 
vessels, lymphaties, or nerves. 


Fig. 1.12 The axial skeleton and the appendicular skeleton. 
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Bone 

Bone is a ealeifìed, living, eonneetive tissue that forms the 
majority of the skeleton. It eonsists of an intercellular eal- 
eified matrix, which also eontains eollagen fibers, and 
several types of eells within the matrix. Bones fiinetion as: 

supportive structures for the body, 

proteetors of vital organs, 

reservoirs of calcium and phosphoms, 

levers on which muscles aet to produce movement, and 

eontainers for blood-producing eells. 

There are two types of bone, eompaet and spongy (tra- 
becular or cancellous). Compact bone is dense bone that 
forms the outer shell of all bones and surrounds spongy 
bone. Spongy bone eonsists of spicules of bone enelosing 
eavities eontaining blood-forming eells (marrow). Classifi- 
eation of bones is by shape. 

Long bones are tubular (e.g., humerus in upper limb; 
femur in lower limb). 

Short bones are cuboidal (e.g., bones of the wrist and 
ankle). 

Flat bones eonsist of two eompaet bone plates separated 
by spongy bone (e.g., skull). 

Irregular bones are bones with various shapes (e.g., 
bones of the faee). 


Sesamoid bones are round or oval bones that develop in 
tendons. 

Bones are vascular and are innervated. Generally, an 
adjaeent artery gives off a nutrient artery, usually one per 
bone, that direetly enters the internal eavity of the bone 
and supplies the marrow, spongy bone, and inner layers of 
eompaet bone. In addition, all bones are eovered externally, 
except in the area of a joint where articular eartilage is 
present, by a fibrous eonneetive tissue membrane ealled the 
periosteum, which has the unique eapability of forming 
new bone. This membrane reeeives blood vessels whose 
branehes supply the outer layers of eompaet bone. A bone 
stripped of its periosteum will not survive. Nerves aeeom- 
pany the vessels that supply the bone and the periosteum. 
Most of the nerves passing into the internal eavity with the 
nutrient artery are vasomotor fibers that regulate blood 
flow. Bone itself has few sensory nerve fibers. On the other 
hand, the periosteum is supplied with numerous sensory 
nerve fibers and is very sensitive to any type of injury. 

Developmentally, all bones eome from mesenehyme by 
either intramembranous ossifieation, in which mesenehy- 
mal models of bones undergo ossifieation, or endoehondral 
ossifieation, in which cartilaginous models of bones form 
from mesenehyme and undergo ossifieation. 


The Body 


ln the elinie 

Determination of skeletal age 

Throughout life the bones develop in a predietable way to 
form the skeletally mature adult at the end of puberty. In 
western countries skeletal maturity tends to occur 
between the ages of 20 and 25 years. However, this may 
well vary aeeording to geography and soeioeeonomie 
eonditions. Skeletal maturity will also be determined by 
genetie faetors and disease states. 

Up until the age of skeletal maturity, bony growth and 
development follows a typieally predietable ordered state, 
which ean be measured through either ultrasound, plain 
radiographs, or MRI seanning. Typieally, the nondominant 


(left) hand is radiographed, and the radiograph is 
eompared to a series of standard radiographs. From these 
images the bone age ean be determined (Fig. 1.13). 

In eertain disease states, such as malnutrition and 
hypothyroidism, bony maturity may be slow. If the skeletal 
bone age is signifkantly reduced from the patient's true 
age, treatment may be required. 

In the healthy individual the bone age accurately 
represents the true age of the patient. This is important in 
determining the true age of the subject. This may also 
have medieolegal importanee. 



Carpal 

bones 


Fig. 1.13 A developmental series of radiographs showing the progressive ossifieation of earpal (wrist) bones from 3 (A) to 10 (D) years 
of age. 
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In the elinie 


Bone marrow transplants 

The bone marrovv serves an important function. There are 
two types of bone marrow, the red marrow (otherwise 
known as myeloid tissue) and the yellow marrow. Red 
blood eells, platelets, and most white blood eells arise 
from within the red marrow. In the yellow marrow a few 
white eells are made; however this marrow is dominated 
by large fat globules (producing its yellow appearanee) 
(Fig. 1.14). 

From birth most of the body's marrow is red; however, 
as the subject ages, more red marrow is eonverted into 
yellow marrow within the medulla of the long and 
flat bones. 

Bone marrow eontains two types of stem eells. 
Hemopoietie stem eells give rise to the white blood eells, 
red blood eells, and platelets. Mesenehymal stem eells 
differentiate into structures that form bone, eartilage, 
and muscle. 

There are a number of diseases that may involve the 
bone marrow, including infeetion and malignaney. In 
patients who develop a bone marrow malignaney (e.g., 
Ieukemia) it may be possible to harvest nonmalignant 
eells from the patient's bone marrow or eells from another 
person's bone marrow. The patient's own marrow ean be 
destroyed with ehemotherapy or radiation and the new 
eells infused. This treatment is bone marrow 
transplantation. 


Red marrow in body 

of I um ba r ve rte bra 



Ye3low marrow in femoral head 


Fig. 1.14 Tl-weighted image in the eoronal plane, 
demonstrating the relatively high signal intensity returned 
from the femoral heads and proximal femoral neeks, 
eonsistent with yellow marrow. In this young patient, the 
vertebral bodies return an intermediate darker signal that 
represents red marrow. There is relatively little fat in these 
vertebrae; henee the lower signal return. 
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Bone fractures 

Fractures occur in normal bone because of abnormal load 
or stress, in which the bone gives way. Fractures may also 
occur in bone that is of poor quality (osteoporosis); in 
such eases a normal stress is plaeed upon a bone that is 
not of sufficient quality to withstand this foree and 
subsequently fractures. 

In ehildren whose bones are still developing, fractures 
may occur aeross the growth plate or aeross the shaft. 
These shaft fractures typieally involve partial eortieal 
disruption, similarto breaking a braneh of a young tree; 
henee they are termed "greenstiek" fractures (Fig. 1.15). 

After a fracture has occurred, the natural response is to 
heal the fracture. Between the fracture margins a blood 
elot is formed into which new vessels grow. A jelly-like 
matrix is formed, and further migration of eollagen- 
producing eells occurs. On this soft tissue framework, 
calcium hydroxyapatite is produced by osteoblasts and 
forms insoluble erystals, and then bone matrix is laid 
down. As more bone is produced, a callus ean be 
demonstrated forming aeross the fracture site. 

Treatment of fractures requires a fracture line 
reduction. If this eannot be maintained in a plaster of Paris 
east, it may require internal or external fixation with 
screws and metal rods. 





■— Ulna Greanstiek fractures— 

Fig. 1.15 Radiograph, lateral view, showing greenstiek fractures 
of the distal radius and distal ulna. 


In the elinie 

Avascular neerosis 

Avascular neerosis is cellular death of bone resulting from 
a temporary or permanent loss of blood supply to that 
bone. Avascular neerosis may occur in a variety of medieal 
eonditions, some of which have an etiology that is less 
than elear. A typieal site for avascular neerosis is a fracture 
aeross the femoral neek in an elderly patient. In these 
patients there is loss of continuity of the eortieal 
medullary blood flow with loss of blood flow deep to the 
retinacular fibers. This essentially renders the femoral 
head bloodless; it subsequently undergoes neerosis and 
eollapses. In these patients it is neeessary to replaee the 
femoral head with a prosthesis (Fig. 1.16). 


VVastìng of gluteai mosele 



Avascular neerosìs 


Bladder 


Normal left hip 


Fig. 1.16 Image of the hip joints demonstrating loss of height 
of the right femoral head with juxta-articular bony selerosis 
and subchondral eyst formation seeondary to avascular 
neerosis. There is also signifieant wasting of the muscles 
supporting the hip, which is seeondary to disuse and pain. 
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In the elinie 
Osteoporosis 

Osteoporosis is a disease in which the bone mineral 
density is signifieantly reduced. This renders the bone 
signifieantly more at risk of fracture. Typieally, 
osteoporotie fractures occur in the femoral neeks, the 
vertebrae, and the wrist. Although osteoporosis may occur 
in men, espeeially elderly men, the typieal patients are 
postmenopausal women. There are a number of risk 



-Wed ge fraet u re 

Fig. 1.17 Radiograph of the lumbar region of the vertebral 
column demonstrating a wedge fracture of the L1 vertebra. 
This eondition is typieally seen in patients with osteoporosis. 


faetors that predispose bones to develop osteoporosis. 
These faetors include poor diet, steroid usage, smoking, 
and premature ovarian failure. Treatment involves 
removing underlying potentiating faetors, such as 
improving diet and preventing further bone loss with 
drug treatment (e.g., vitamin D and calcium supplements; 
newer treatments include drugs that inerease bone 
mineral density) ( igs. 1.17 and 1.18). 



Fig. 1.18 Radiograph of the lumbar region of the vertebral 
column demonstrating three intrapedicular needles, all of 
which have been plaeed into the middle of the vertebral 
bodies. The high-density material is radiopaque bone eement, 
which has been injeeted as a liquid that will harden. 
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Epiphyseal fraetiires 

As the skeleton develops, there are stages of intense 
growth typieally around the ages of 7 to 10 years and 
later in puberty. These growth spurts are assoeiated 
with inereased cellular aetivity around the growth plate 
and the metaphyseal region. This inerease in aetivity 
renders the growth plates and metaphyseal regions 
more vulnerable to injuries, which may occur from 
disloeation aeross a growth plate or fracture through 
a growth plate. Oeeasionally an injury may result in 
growth plate eompression, destroying that region of the 
growth plate, which may result in asymmetrieal growth 
aeross that joint region. All fractures aeross the growth 
plate must be treated with eare and expediency, 
requiring fracture reduction. 
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Fig.1.19 Joints. A. Synovial joint. B. Solid joint 


The sites where two skeletal elements eome together 
are termed joints. The two general eategories of joints 
(Fig. 1.19) are those in which: 

the skeletal elements are separated by a eavity (i.e., 

synovial joints), and 

there is no eavity and the eomponents are held together 

by eonneetive tissue (i.e., solid joints). 

Blood vessels that eross a joint and nerves that inner- 
vate muscles aeting on a joint usually contribute articular 
branehes to that joint. 

Synovial joints 

Synovial joints are eonneetions between skeletal eompo- 
nents where the elements involved are separated by a 
narrow articular eavity (Fig. 1.20). In addition to eontain- 
ing an articular eavity, these joints have a number of ehar- 
aeteristie features. 

First, a layer of eartilage, usually hyaline eartilage, 
eovers the articulating surfaces of the skeletal elements. In 
other words, bony surfaces do not normally eontaet one 
another direetly. As a consequence, when these joints are 
viewed in normal radiographs, a wide gap seems to sepa- 
rate the adjaeent bones because the eartilage that eovers 
the articulating surfaces is more transparent to X-rays 
than bone. 

A seeond eharaeteristie feature of synovial joints is the 
presenee of a joint capsule eonsisting of an inner syno- 
1 8 vial membrane and an outer fíbrous membrane. 


The synovial membrane attaehes to the margins of the 
joint surfaces at the interfaee between the eartilage and 
bone and eneloses the articular eavity. The synovial 
membrane is highly vascular and produces synovial 
fluid, which pereolates into the articular eavity and 
lubricates the articulating surfaces. Closed saes of syno- 
vial membrane also occur outside joints, where they 
form synovial bursae or tendon sheaths. Bursae often 
intervene between structures, such as tendons and 
bone, tendons and joints, or skin and bone, and reduce 
the frietion of one structure moving over the other. 
Tendon sheaths surround tendons and also reduce 
frietion. 

■ The fibrous membrane is formed by dense eonneetive 
tissue and surrounds and stabilizes the joint. Parts of 
the fibrous membrane may thieken to form ligaments, 
which further stabilize the joint. Ligaments outside the 
capsule usually provide additional reinforeement. 

Another eommon but not universal feature of synovial 
joints is the presenee of additional structures within the 
area enelosed by the capsule or synovial membrane, such 
as articular dises (usually eomposed of fibroeartilage), 
fat pads, and tendons. Articular dises absorb eompres- 
sion forees, adjust to ehanges in the contours of joint sur- 
faees during movements, and inerease the range of 
movements that ean occur at joints. Fat pads usually occur 
between the synovialmembrane and the capsule and move 
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Fig.1.20 Synovial joints. A. Major features of a synovial joint. 


B. Aeeessory structures assoeiated with synovial joints. 


into and out of regions as joint contours ehange during 
movement. Redundant regions of the synovial membrane 
and fibrous membrane allow for large movements at joints. 

Deseriptions of synovial joints based on shape 
and movement 

Synovial joints are deseribed based on shape and 
movement: 

■ based on the shape of their articular surfaces, synovial 
joints are deseribed as plane (flat), hinge, pivot, 


bieondylar (two sets of eontaet points), eondylar (ellip- 

soid), saddle, and ball and soeket; 

based on movement, synovial joints are deseribed as 

uniaxial (movement in one plane), biaxial (movement 

in two planes), and multiaxial (movement in three 

planes). 

Hinge joints are uniaxial, whereas ball and soeket joints 
are multiaxial. 
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Speeifìe types of synovial joints 

(Fig. 1.21) 

Plane joints—allow sliding or gliding movements when 
one bone moves aeross the surface of another (e.g., 
acromioclavicular joint) 

Hinge joints—allow movement around one axis that 
passes transversely through the joint; permit flexion and 
extension (e.g., elbow [humero-ulnar] joint) 

Pivot joints—allow movement around one axis that 
passes longitudinally along the shaft of the bone; permit 
rotation (e.g., atlanto-axial joint) 

Bieondylar joints—allow movement mostly in one axis 
with limited rotation around a seeond axis; formed by 
two convex eondyles that articulate with eoneave or flat 
surfaces (e.g., knee joint) 

Condylar (ellipsoid) joints—allow movement around 
two axes that are at right angles to eaeh other; permit 
flexion, extension, abduction, adduction, and circum- 
duction (limited) (e.g., wrist joint) 

Saddle joints—allow movement around two axes that 
are at right angles to eaeh other; the articular surfaces 
are saddle shaped; permit flexion, extension, abduction, 
adduction, and circumduction (e.g., earpometaearpal 
joint of the thumb) 

Ball and soeket joints—allow movement around 
multiple axes; permit flexion, extension, abduction, 


adduction, circumduction, and rotation (e.g., hip 
joint) 

Solid joints 

Solid joints are eonneetions between skeletal elements 
where the adjaeent surfaces are linked together either 
by fìbrous eonneetive tissue or by eartilage, usually fìbro- 
eartilage (Fig. 1.22). Movements at these joints are more 
restrieted than at synovial joints. 

Fibroiis joints include sutures, gomphoses, and 
syndesmoses. 

■ Sutures occur only in the skull where adjaeent bones 
are linked by a thin layer of eonneetive tissue termed a 
sutural ligament. 

■ Gomphoses occur only between the teeth and adjaeent 
bone. In these joints, short eollagen tissue fìbers in the 
periodontal ligament run between the root of the tooth 
and the bony soeket. 

■ Syndesmoses are joints in which two adjaeent bones 
are linked by a ligament. Examples are the ligamentum 
flavum, which eonneets adjaeent vertebral laminae, 
and an interosseous membrane, which links, for 
example, the radius and ulna in the forearm. 

Cartilaginous joints include synehondroses and 
symphyses. 
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Fig. 1.21 Various types of synovial joints. A. Condylar (wrist). B. Gliding (radio-ulnar). C. Hinge or ginglymus (elbow). D. Ball and soeket (hip). 
E. Saddle (earpometaearpal of thumb). F. Pivot (atlanto-axial). 
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Fig. 1.22 Solid joints. 


Synehondroses occur where two ossifieation eenters 
in a developing bone remain separated by a layer of 
eartilage, for example, the growth plate that occurs 
between the head and shaft of developing long bones. 
These joints allow bone growth and eventually beeome 
eompletely ossified. 


■ Symphyses occur where two separate bones are inter- 
eonneeted by eartilage. Most of these types of joints 
occur in the midline and include the pubic symphysis 
between the two pelvie bones, and intervertebral dises 
between adjaeent vertebrae. 
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Degenerative joint disease 

Degenerative joint disease is eommonly known as 
osteoarthritis or osteoarthrosis. The disorder is related to 
aging but not caused by aging. Typieally there are 
deereases in water and proteoglyean eontent within the 
eartilage. The eartilage beeomes more fragile and more 
susceptible to meehanieal disruption (Fig. 1.23). As the 
eartilage wears 7 the underlying bone beeomes fissured 
and also thiekens. Synovial fluid may be foreed into small 
eraeks that appear in the bone's surface, which produces 
large eysts. Furthermore 7 reaetive juxta-articular bony 
nodules are formed (osteophytes) (Fig. 1.24). As these 
proeesses occur, there is slight deformation, which alters 
the biomeehanieal forees through the joint. This in turn 
ereates abnormal stresses, which further disrupt the joint. 

In the llnited States, osteoarthritis accounts for up to 
one-quarter of primary health eare visits and is regarded 
as a signifieant problem. 

The etiology of osteoarthritis is not elear; however, 
osteoarthritis ean occur seeondary to other joint diseases, 
such as rheumatoid arthritis and infeetion. Overuse of 
joints and abnormal strains, such as those experienced by 


Gartílage loss Patella 



Femoral eondyles Oartilage loss 


people who play sports, often cause one to be more 
susceptible to ehronie joint osteoarthritis. 

Various treatments are available, including weight 
reduction, proper exercise, anti-inflammatory drug 
treatment, and joint replaeement ( : ig. 1.25). 


Osteophytes 



Loss of joint spaee 


Fig. 1.23 This operative photograph demonstrates the foeal 
areas of eartilage loss in the patella and femoral eondyles 
throughout the knee joint. 


Fig. 1.24 This radiograph demonstrates the loss of joint spaee 
in the medial eompartment and presenee of small spiky 
osteophytie regions at the medial lateral aspeet of the joint. 
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In the dinie—eont'd 



Fig. 1.25 After knee replaeement. This radiograph shows the 
position of the prosthesis. 


Arthroseopy 

Arthroseopy is a technique of visualizing the inside of a 
joint using a small teleseope plaeed through a tiny 
ineision in the skin. Arthroseopy ean be performed in most 
joints. However, it is most eommonly performed in the 
knee, shoulder, ankle, and hip joints. The elbow joint and 
wrist joint ean also be viewed through the arthroseope. 

Arthroseopy allows the surgeon to view the inside of 
the joint and its eontents. Notably, in the knee, the 
menisei and the ligaments are easily seen, and it is 
possible using separate puncture sites and speeifie 
instmments to remove the menisei and replaee the 
cruciate ligaments. The advantages of arthroseopy are 
that it is performed through small ineisions, it enables 
patients to quickly reeover and return to normal aetivity, 
and it only requires either a light anesthetie or regional 
anesthesia during the procedure. 


23 


The Body 


ln the elinie 

Joint replaeement 

Joint replaeement is undertaken for a variety of reasons. 
These predominantly include degenerative joint disease 
and joint destruction. Joints that have severely 
degenerated or laek their normal function are painful, 
which ean be life limiting, and in otherwisefit and healthy 
individuals ean restriet aetivities of daily living. In some 
patients the pain may be so severe that it prevents them 
from leaving the house and undertaking even the smallest 
of aetivities without diseomfort. 

Large joints are eommonly affeeted, including the hip, 
knee, and shoulder. However, with ongoing developments 
in joint replaeement materials and surgical techniques, 
even small joints of the fingers ean be replaeed. 

Typieally, both sides of the joint are replaeed; in the hip 
joint the acetabulum will be reamed, and a plastie or 
metal cup will be introduced. The femoral eomponent will 
be fitted preeisely to the femur and eemented in plaee 
(Fig. 1.26). 

Most patients derive signifieant benefit from joint 
replaeement and continue to lead an aetive life afterward. 


SKIN AND FASCIAS 
Skin 

The skin is the largest organ of the body. It eonsists of the 
epidermis and the dermis. The epidermis is the outer eel- 
lular layer of stratified squamous epithelium, which is 
avascular and varies in thiekness. The dermis is a dense bed 
of vascular eonneetive tissue. 

The skin fiinetions as a meehanieal and permeability 
barrier, and as a sensory and thermoregulatory organ. It 
also ean initiate primary imrmine responses. 

Faseia 

Faseia is eonneetive tissue eontaining varying amounts of 
fat that separate, support, and intereonneet organs and 
structures, enable movement of one structure relative to 
another, and allow the transit of vessels and nerves from 
one area to another. There are two general eategories of 
24 faseia: superficial and deep. 



Artifieial femoral head Acetabulum 


Fig. 1.26 This is a radiograph, anteroposterior view, of the 
pelvis after a right total hip replaeement. There are additional 
signifieant degenerative ehanges in the left hip joint, which will 
also needto be replaeed. 


Superficial (subcutaneous) faseia lies just deep to and is 
attaehed to the dermis of the skin. It is made up of loose 
eonneetive tissue usually eontaining a large amount of 
fat. The thiekness of the superficial faseia (subcutane- 
ous tissue) varies eonsiderably, both from one area of 
the body to another and from one individual to another. 
The superficial faseia allows movement of the skin over 
deeper areas of the body, aets as a conduit for vessels and 
nerves coursing to and from the skin, and serves as an 
energy (fat) reservoir. 

Deep faseia usually eonsists of dense, organized eonnee- 
tive tissue. The outer layer of deep faseia is attaehed to 
the deep surface of the superficial faseia and forms a 
thin fibrous eovering over most of the deeper region of 
the body. Inward extensions of this faseial layer form 
intermuscular septa that eompartmentalize groups of 
muscles with similar functions and innervations. Other 
extensions surround individual muscles and groups of 
vessels and nerves, forming an investing faseia. Near 
some joints the deep faseia thiekens, forming retinacula. 
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These faseial retinacula hold tendons in plaee and 
prevent them from bowing during movements at the 
joints. Finally, there is a layer of deep faseia separating 
the membrane lining the abdominal eavity (the parietal 
peritoneum) from the faseia eovering the deep surface 
of the muscles of the abdominal wall (the transversalis 
faseia). This layer is referred to as extraperitoneal 
faseia. A similar layer of faseia in the thorax is termed 
the endothoraeie faseia. 


In the elinie 

The importanee of faseias 

A faseia is a thin band of tissue that surrounds muscles, 
bones, organs, nerves, and blood vessels and often 
remains uninterrupted as a three-dimensional structure 
between tissues. It provides important support for 
tissues and ean provide a boundary between structures. 

Faseias have speeifie dynamie properties and may be 
relatively elastie where neeessary. They eontain small 
blood vessels and tissue reeeptors and ean respond to 
injury like any other tissue. 

dinieally, faseias are extremely important because 
they often limit the spread of infeetion and malignant 
disease. When infeetions or malignant diseases eross a 
faseial plain, a primary surgical elearanee may require a 
far more extensive disseetion to render the area free of 
tumor or infeetion. 

A typieal example of a faseial layer would be that 
eovering the psoas muscle. infeetion within an 
intervertebral body seeondary to tuberculosis ean pass 
laterally into the psoas muscle. Pus fills the psoas 
muscle but is limited from further spread by the psoas 
faseia, which surrounds the muscle and extends 
inferiorly into the groin pointing belowthe inguinal 
ligament. 


MUSCULAR SYSTEM 

The muscular system is generally regarded as eonsisting of 
one type of imisele found in the body—skeletal muscle. 
However, there are two other types of muscle tissue found 
in the body, smooth muscle and eardiae muscle, that are 
important eomponents of other systems. These three types 
of muscle ean be eharaeterized by whether they are eon- 
trolled voluntarily or involuntarily, whether they appear 
striated (striped) or smooth, and whether they are assoei- 
ated with the body wall (somatie) or with organs and blood 
vessels (viseeral). 

■ Skeletal muscle forms the majority of the muscle tissue 
in the body. It eonsists of parallel bundles of long, mul- 
tinucleated fibers with transverse stripes, is eapable of 
powerful eontraetions, and is innervated by somatie and 
branehial motor nerves. This muscle is used to move 
bones and other structures, and provides support and 
gives form to the body. Individual skeletal muscles are 
often named on the basis of shape (e.g., rhomboid major 
muscle), attaehments (e.g., sternohyoid muscle), func- 
tion (e.g., flexor pollieis longus muscle), position (e.g., 
palmar interosseous muscle), or fiber orientation (e.g., 
external oblique muscle). 

Cardiac muscle is striated muscle found only in the walls 
of the heart (myocardium) and in some of the large 
vessels elose to where they join the heart. It eonsists of 
a branehing network of individual eells linked eleetri- 
eally and meehanieally to work as a unit. Its eontrae- 
tions are less powerful than those of skeletal muscle and 
it is resistant to fatigue. Cardiac imisele is innervated by 
viseeral motor nerves. 

■ Smooth muscle (absenee of stripes) eonsists of elon- 
gated or spindle-shaped fibers eapable of slow and sus- 
tained eontraetions. It is found in the walls of blood 
vessels (tunica media), assoeiated with hair follieles in 
the skin, loeated in the eyeball, and found in the walls 
of various structures assoeiated with the gastrointesti- 
nal, respiratory, genitourinary, and urogenital systems. 
Smooth muscle is innervated bv viseeral motor nerves. 
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Muscle paralysis 

Muscle paralysis is the inability to move a speeifie 
muscle or muscle group and may be assoeiated with 
other neurological abnormalities, including loss of 
sensation. Paralysis may be due to abnormalities in the 
brain, the spinal eord, and the nerves supplying the 
muscles. Major causes include stroke, trauma, 
poliomyelitis, and iatrogenie faetors. 

In the long term, muscle paralysis will produce 
seeondary muscle wasting and overall atrophy of the 
region due to disuse. 


In the elinie 

Muscle atrophy 

Muscle atrophy is a wasting disorder of muscle. It ean 
be produced by a variety of causes, which include nerve 
damage to the muscle and disuse. 

Muscle atrophy is an important problem in patients 
who have undergone long-term rest or disuse, requiring 
extensive rehabilitation and muscle building exercises 
to maintain normal aetivities of daily living. 


In the elinie 

Muscle injuries and strains 

Muscle injuries and strains tend to occur in speeifie muscle 
groups and usually are related to a sudden exertion and 
muscle dismption. They typieally occur in athletes. 

Muscle tears may involve a small interstitial injury up to 
a eomplete muscle disruption (Fig. 1.27). It is important to 


identify which muscle groups are affeeted and the extent 
of the tear to faeilitate treatment and obtain a prognosis, 
which will determine the length of rehabilitation 
neeessary to return to normal aetivity. 



Fig. 1.27 Axial inversion reeovery series, which 
suppresses fat and soft tissue and leaves high 
signal intensity where fluid is seen. A muscle 
tear in the right adductor longus with edema 
in and around the muscle is shown. 
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CARDIOVASCULAR SYSTEM 


The cardiovascular system eonsists of the heart, which 
pumps blood throughout the body, and the blood vessels, 
which are a elosed network of tubes that transport the 
blood. There are three types of blood vessels: 

arteries, which transport blood away from the heart; 
veins, which transport blood toward the heart; 
eapillaries, which eonneet the arteries and veins, are the 
smallest of the blood vessels and are where oxygen, 
nutrients, and wastes are exchanged within the tissues. 

The walls of the blood vessels of the cardiovascular 
system usually eonsist of three layers or tunics: 

tunicaexterna (adventitia)—the outer eonneetive tissue 
layer, 

tunica media—the middle smooth muscle layer (may 
also eontain varying amounts of elastie fibers in medium 
and large arteries), and 

■ tunica intima—the inner endothelial lining of the blood 
vessels. 

Arteries are usually further subdivided into three 
elasses, aeeording to the variable amounts of smooth 
rmisele and elastie fibers contributing to the thiekness of 
the tunica media, the overall size of the vessel, and its 
function. 

Large elastie arteries eontain substantial amounts of 
elastie fibers in the tunica media, allowing expansion 
and reeoil during the normal eardiae eyele. This helps 
maintain a eonstant flow of blood during diastole. 
Examples of large elastie arteries are the aorta, the bra- 
ehioeephalie trunk, the left eommon earotid artery, the 
left subclavian artery, and the pulmonary trunk. 

■ Medium muscular arteries are eomposed of a tunica 
media that eontains mostly smooth muscle fibers. This 
eharaeteristie allows these vessels to regulate their 
diameter and eontrol the flow of blood to different parts 
of the body. Examples of medium muscular arteries are 
most of the named arteries, including the femoral, axil- 
lary, and radial arteries. 

Small arteries and arterioles eontrol the filling of the 
eapillaries and direetly contribute to the arterial pres- 
sure in the vascular system. 

Veins also are subdivided into three elasses. 

Large veins eontain some smooth muscle in the tunica 
media, but the thiekest layer is the tunica externa. 


Examples of large veins are the superior vena eava, the 
inferior vena eava, and the portal vein. 

Small and medium veins eontain small amounts of 
smooth muscle, and the thiekest layer is the tunica 
externa. Examples of small and medium veins are 
superficial veins in the upper and lower limbs and 
deeper veins of the leg and forearm. 

Venules are the smallest veins and drain the 
eapillaries. 

Although veins are similar in general structure to arter- 
ies, they have a number of distinguishing features. 

■ The walls of veins, speeifieally the tunica media, are 
thin. 

■ The luminal diameters of veins are large. 
Thereoftenaremultiple veins (venae eomitantes) elosely 
assoeiated with arteries in peripheral regions. 

Valves often are present in veins, particularly in periph- 
eral vessels inferior to the level of the heart. These are 
usually paired cusps that faeilitate blood flow toward 
the heart. 

More speeifie information about the cardiovascular 
system and how it relates to the circulation of blood 
throughout the body will be discussed, where appropriate, 
in eaeh of the succeeding ehapters of the text. 


In the elinie 
Atherosderosis 

Atheroselerosis is a disease that affeets arteries. There is 
a ehronie inflammatory reaetion in the walls of the 
arteries, with deposition of eholesterol and fatty 
proteins. This may in turn lead to seeondary 
ealeifieation, with reduction in the diameter of the 
vessels impeding distal flow. The plaque itself may be a 
site for attraetion of platelets that may "fall off" 
(embolize) distally. Plaque fissuring may occur, which 
allows fresh elots to form and occlude the vessel. 

The importanee of atheroselerosis and its effeets 
depend upon which vessel is affeeted. If atheroselerosis 
occurs in the earotid artery, small emboli may form and 
produce a stroke. In the heart, plaque fissuring may 
produce an acute vessel thrombosis, producing a 
myoeardial infaretion (heart attaek). In the legs, ehronie 
narrowing of vessels may limit the ability of the patient 
to walk and ultimately cause distal isehemia and 
gangrene of the toes. 
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ln the elinie 
Varieose veins 

Varieose veins are tortuous dilated veins that typieally 
occur in the legs, although they may occur in the 
superficial veins of the arm and in other organs. 

In normal individuals the movement of adjaeent leg 
muscles pumps the blood in the veins to the heart. Blood 
is also pumped from the superficial veins through the 
investing layer of faseia of the leg into the deep veins. 
Valves in these perforating veins may beeome damaged, 
allowing blood to pass in the opposite direetion. This 
inereased volume and pressure produces dilatation and 
tortuosity of the superficial veins (Fig. 1.28). Apart from 
the unsightliness of larger veins, the skin may beeome 
pigmented and atrophie with a poor response to tissue 
damage. In some patientseven small trauma may produce 
skin ulceration, which requires elevation of the limb and 
applieation of pressure bandages to heal. 

Treatment of varieose veins depends on their loeation, 
size, and severity. Typieally the superficial varieose veins 
ean be excised and stripped, allowing blood only to drain 
into the deep system. 


Fig. 1.28 Photograph demonstrating varieose veins. 



In the elinie 

Anastomoses and eollateral circulation 

All organs require a blood supply from the arteries and 
drainage by veins. VVithin most organs there are multiple 
ways of perfusing the tissue such that if the main vessel 
feeding the organ or vein draining the organ is bloeked, a 
series of smaller vessels (eollateral vessels) continue to 
supply and drain the organ. 

In eertain circumstances, organs have more than one 
vessel perfusing them, such as the hand, which is supplied 
by the radial and ulnar arteries. Loss of either the radial or 
the ulnar artery may not produce any symptoms of 
reduced perfusion to the hand. 

There are circumstances in which loss of a vein 
produces signifieant venous eollateralization. Some of 
these venous eollaterals beeome susceptible to bleeding. 


This is a eonsiderable problem in patients who have 
undergone portal vein thrombosis or occlusion 7 where 
venous drainage from the gut bypasses the liver through 
eollateral veins to return to the systemie circulation. 

Normal vascular anastomoses assoeiated with an organ 
are important. Some organs, such as the duodenum, have 
a dual blood supply arising from the branehes of the 
eeliae trunk and also from the branehes of the superior 
mesenterie artery. Should either of these vessels be 
damaged, blood supply will be maintained to the organ. 
The brain has multiple vessels supplying it, dominated by 
the earotid arteries and the vertebral arteries. Vessels 
within the brain are end arteries and have a poor 
eollateral circulation; henee any occlusion will produce 
long-term eerebral damage. 
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LYMPHATIC SYSTEM 
Lymphatie vessels 

Lymphatie vessels form an extensive and complex inter- 
eonneeted network of ehannels, which begin as “porons” 
blind-ended lymphatie eapillaries in tissues of the body and 
eonverge to form a number of larger vessels, which ulti- 
mately eonneet with large veins in the root of the neek. 

Lymphatie vessels mainly eolleet fluid lost from vascular 
eapillary beds during nutrient exchange proeesses and 
deliver it baek to the venous side of the vascular system 
(Fig. 1.29). Also included in this interstitial fluid that drains 
into the lymphatie eapillaries are pathogens, eells of the 
lymphoeytie system, eell products (such as hormones), and 
eell debris. 

In the small intestine, eertain fats absorbed and pro- 
eessed by the intestinal epithelium are paekaged into 
protein-eoated lipid droplets (ehylomierons), which are 


released from the epithelial eells and enter the interstitial 
eompartment. Together with other eomponents of the 
interstitial fluid, the ehylomierons drain into lymphatie 
eapillaries (known as laeteals in the small intestine) and 
are ultimately delivered to the venous system in the neek. 
The lymphatie system is therefore also a major route of 
transport for fat absorbed by the gut. 

The fluid in most lymphatie vessels is elear and eolorless 
and is known as lymph. That earried by lymphatie vessels 
from the small intestine is opaque and milky because of the 
presenee of ehylomierons and is termed ehyle. 

There are lymphatie vessels in most areas of the body 
except the brain, bone marrow, and avascular tissues such 
as epithelia and eartilage. 

The movement of lymph through the lymphatie vessels 
is generated mainly by the indireet aetion of adjaeent 
structures, particularly by eontraetion of skeletal muscles 
and pulses in arteries. Unidirectional flow is maintained by 
the presenee of valves in the vessels. 



Capsule 


Lymph vessel 
earryìng lymph 


] 

Lymphatie eapillaries 


Lymph node 


Fig. 1.29 Lymphatie vessels mainly eolleet fluid lost from vascular eapillary beds during nutrient exchange proeesses and deliver it baek to 
the venous side of the vascular system. 
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Lymph nodes 

Lymph nodes are small (0.1-2.5 cm long) encapsulated 
structures that intermpt the course of lymphatie vessels 
and eontain elements of the body’s defense system, such 
as clusters of lymphoeytes and maerophages. They aet as 
elaborate filters that trap and phagoeytose particulate 
matter in the lymph that pereolates through them. In addi- 
tion, they deteet and defend against foreign antigens that 
are also earried in the lymph (Fig. 1.29). 

Because lymph nodes are effieient filters and flow 
through them is slow, eells that metastasize from (migrate 
away from) primary tumors and enter lymphatie vessels 
often lodge and grow as seeondary tumors in lymph nodes. 
Lymph nodes that drain regions that are infeeted or eontain 
other forms of disease ean enlarge or undergo eertain 
physieal ehanges, such as beeoming “hard” or “tender.” 
These ehanges ean be used by elinieians to deteet patho- 
logie ehanges or to traek spread of disease. 

A number of regions in the body are assoeiated with 
clusters or a particular abundance of lymph nodes (Fig. 
1.30). Not surprisingly, nodes in many of these regions 
drain the body’s surface, the digestive system, or the respi- 
ratory system. All three of these areas are high-risk sites 
for the entry of foreign pathogens. 

Lymph nodes are abundant and aeeessible to palpation 
in the axilla, the groin and femoral region, and the neek. 
Deep sites that are not palpable include those assoeiated 
with the traehea and bronehi in the thorax, and with the 
aorta and its branehes in the abdomen. 


Lymphatie trunks and ducts 

All lymphatie vessels eoalesee to form larger tmnks 
or ducts, which drain into the venous system at sites in 
the neek where the internal jugular veins join the 
subclavian veins to form the braehioeephalie veins 

(Fig. 1.31): 

Lymph from the right side of the head and neek, the 
right upper limb, right side of the thorax, and right side 
of the upper and more superficial region of the abdomi- 
nal wall is earried by lymphatie vessels that eonneet 
with veins on the right side of the neek. 

Lymph from all other regions of the body is earried by 
lymphatie vessels that drain into veins on the left side of 
the neek. 

Speeifie information about the organization of the lym- 
phatie system in eaeh region of the body is discussed in the 
appropriate ehapter. 
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Fig. 1.30 Regions assoeiated with clusters or a particular 
abundance of lymph nodes. 
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Fig. 1.31 Major lymphatie vessels that drain into large veins in 
the neek. 
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In the elinie 

Lymph nodes 

Lymph nodes are effieient filters and have an internal 
honeyeomb of reticular eonneetive tissue fìlled with 
lymphoeytes. These lymphoeytes aet on baeteria, virnses, 
and other bodily eells to destroy them. Lymph nodes tend 
to drain speeifie areas, and if infeetion occurs within a 
drainage area, the lymph node will beeome aetive. The 
rapid eell turnover and production of loeal inflammatory 
mediators may cause the node to enlarge and beeome 


tender. Similarly, in patients with malignaney the 
lymphaties may drain metastasizing eells to the lymph 
nodes.These ean beeome enlarged and inflamed and will 
need to be removed if elinieally symptomatie. 

Lymph nodes may beeome diffusely enlarged in eertain 
systemie illnesses (e.g., viral infeetion), or loeal groups may 
beeome enlarged with primary lymph node malignaneies, 
such as lymphoma (Fig. 1.32). 



Lymph nodes 






ve n a eava 


(lymphoma) 



Thoraeie aorta 


Fig. 1.32 A .This computed tomogram with eontrast, in the axial plane, demonstrates the normal eommon earotid arteries and internal 
jugular veins with numerous other nonenhaneing nodules that represent lymph nodes in a patient with lymphoma. B. This computed 
tomogram with eontrast, in the axial plane, demonstrates a large anterior soft tissue mediastinal mass that represents a lymphoma. 


NERVOUS SYSTEM 

The nervous system ean be separated into parts based on 
structure and on function: 

■ structurally, it ean be divided into the eentral nervous 
system (CNS) and the peripheral nervous system (PNS) 

(Fig. 1.33); 

functionally, it ean be divided into somatie and viseeral 
parts. 

The CNS is eomposed of the brain and spinal eord, both 
of which develop í’rom the neural tube in the embryo. 

The PNS is eomposed of all nervous structures outside 
the CNS that eonneet the CNS to the body. Elements of this 


system develop from neural erest eells and as outgrowths 
of the CNS. The PNS eonsists of the spinal and eranial 
nerves, viseeral nerves and plexuses, and the enterie 
system. The detailed anatomy of a typieal spinal nerve is 
deseribed in Chapter 2, as is the way spinal nerves are 
mimbered. Cranial nerves are deseribed in Chapter 8. 
The details of nerve plexuses are deseribed in ehapters 
dealing with the speeifie regions in which the plexuses are 
loeated. 

Central nervous system 

Brain 

The parts of the brain are the eerebral hemispheres, the 
cerebellum, and the brainstem. The eerebral hemispheres 
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Peripheral nervoiis Central nervoiis 



Fig. 1.33 CNS and PNS. 


eonsist of an outer portion, or the gray matter, eontain- 
ing eell bodies; an inner portion, or the white matter, 
made up of axons forming traets or pathways; and the 
ventrieles, which are spaees filled with eerebrospinal 
fluid (CSF). 

The eerebelhim has two lateral lobes and a midline 
portion. The eomponents of the brainstem are elassieally 
defined as the dieneephalon, midbrain, pons, and medulla. 
However, in eommon usage today, the term “brainstem” 
usually refers to the midbrain, pons, and medulla. 

A further discussion of the brain ean be found in 

32 ehapter 8. 


Spinal eord 

The spinal eord is the part of the CNS in the superior two 
thirds of the vertebral eanal. It is roughly eylindrieal in 
shape, and is circular to oval in eross seetion with a eentral 
eanal. A further discussion of the spinal eord ean be found 

in Chapter 2. 

Meninges 

The meninges (Fig. 1.34) are three eonneetive tissue eover- 
ings that surround, proteet, and suspend the brain and 
spinal eord within the eranial eavity and vertebral eanal, 
respeetively: 

■ The dura mater is the thiekest and most external of the 
eoverings. 

■ The araehnoid mater is against the internal surface of 
the dura mater. 

The pia mater is adherent to the brain and spinal eord. 

Between the araehnoid and pia mater is the subarach- 
noid spaee, which eontains CSF. 

A further discussion of the eranial meninges ean 
be found in Chapter 8 and of the spinal meninges in 

Chapter 2 . 


Functional subdivisions of the CNS 

Functionally, the nervous system ean be divided into 
somatie and viseeral parts. 
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Fig. 1.34 Arrangement of meninges in the eranial eavity. 
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The somatie part ( soma , from the Greek for “body”) 
innervates structures (skin and most skeletal muscle) 
derived from somites in the embryo, and is mainly 
involved with reeeiving and responding to information 
from the external environment. 

The viseeral part (viseera, from the Greek for “gnts”) 
innervates organ systems in the body and other viseeral 
elements, such as smooth muscle and glands, in periph- 
eral regions of the body. It is eoneerned mainly with 
deteeting and responding to information from the inter- 
nal environment. 

Somatie part of the nervous system 

The somatie part of the nervous system eonsists of: 

nerves that earry conscious sensations from peripheral 
regions baek to the CNS, and 
■ nerves that innervate voluntary muscles. 


Somatie nerves arise segmentally along the developing 
CNS in assoeiation with somites, which are themselves 
arranged segmentally along eaeh side of the neural tube 
(Fig. 1.35). Part of eaeh somite (the dermatomyotome) 
gives rise to skeletal muscle and the dermis of the skin. As 
eells of the dermatomyotome differentiate, they migrate 
into posterior (dorsal) and anterior (ventral) areas of the 
developing body: 

Cells that migrate anteriorly give rise to nmseles of the 
limbs and trank (hypaxial muscles) and to the assoei- 
ated dermis. 

■ Cells that migrate posteriorly give rise to the intrinsie 
imiseles of the baek (epaxial imiseles) and the assoei- 
ated dermis. 

Developing nerve eells within anterior regions of the 
neural tube extend proeesses peripherally into posterior 
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Fig. 1.35 Differentiation of somites in a “tubular” embryo. 
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and anterior regions of the differentiating dermatomyo- 
tome of eaeh somite. 

Simultaneously, derivatives of neural erest eells (eells 
derived from neural folds during formation of the neural 
tube) differentiate into neurons on eaeh side of the neural 
tube and extend proeesses both medially and laterally 

(Fig. 1.36): 

Medial proeesses pass into the posterior aspeet of the 

neural tube. 

Lateral proeesses pass into the differentiating regions of 

the adjaeent dermatomyotome. 

Neurons that develop from eells within the spinal eord 
are motor neurons and those that develop from neural 
erest eells are sensory neurons. 

Somatie sensory and somatie motor fibers that are orga- 
nized segmentally along the neural tube beeome parts of 
all spinal nerves and some eranial nerves. 

The clusters of sensory nerve eell bodies derived from 
neural erest eells and locatedoutside the CNS form sensory 
ganglia. 


Generally, all sensory information passes into the poste- 
rior aspeet of the spinal eord, and all motor fibers leave 
anteriorly. 

Somatie sensory neurons earry information from the 
periphery into the CNS and are also ealled somatie 
sensory afferents or general somatie afferents 
(GSAs). The modalities earried by these nerves include 
temperature, pain, touch, and proprioeeption. Proprioeep- 
tion is the sense of determining the position and movement 
of the musculoskeletal system deteeted by speeial reeeptors 
in muscles and tendons. 

Somatie motor fibers earry information away from the 
CNS to skeletal muscles and are also ealled somatie motor 
efferents or general somatie efferents (GSEs). Like 
somatie sensor y fibers that eome from the periphery, somatie 
motor fibers ean be very long. They extend from eell bodies 
in the spinal eord to the muscle eells they innervate. 

Dermatomes 

Because eells from a speeifie somite developintothe dermis 
of the skin in a preeise loeation, somatie sensory fibers 
originally assoeiated with that somite enter the posterior 
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Fig.1.36 Somatie sensory and motor neurons. Blue lines indieate motor nerves and red lines indieate sensory nerves. 
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region of the spinal eord at a speeifie level and beeome 
part of one speeifie spinal nerve (Fig. 1.37). Eaeh spinal 
nerve therefore earries somatie sensory information from 
a speeifie area of skin on the surface of the body. A der- 
matome is that area of skin supplied by a single spinal 
eord level, or on one side, by a single spinal nerve. 

There is overlap in the distribution of dermatomes, but 
usually a speeifie region within eaeh dermatome ean be 
identified as an area supplied by a single spinal eord level. 
Testing touch in these autonomous zones in a conscious 
patient ean be used to loealize lesions to a speeifie spinal 
nerve or to a speeifie level in the spinal eord. 


Myotomes 

Somatie motor nerves that were originally assoeiated with 
a speeifie somite emerge from the anterior region of the 
spinal eord and, together with sensory nerves from the 
same level, beeome part of one spinal nerve. Therefore 
eaeh spinal nerve earries somatie motor fibers to muscles 
that originally developed from the related somite. A 
myotome is that portion of a skeletal muscle innervated 
by a single spinal eord level or, on one side, by a single 
spinal nerve. 
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Spinal ganglion 
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Skin on the lateral side of the forearm and on the 
thumb is innervated by C6 spinal level (spinal nerve). 

The dermis of the skin in this region develops from the somite 
initially assoeiated with the C6 level of the developing spinal eord 


Fig. 1.37 Dermatomes. 
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Myotomes are generally more diffìeiilt to test than der- 
matomes because eaeh skeletal muscle in the body is 
usually innervated by nerves derived from more than one 
spinal eord level (Fig. 1.38). 

Testing movements at successive joints ean help in loeal- 
izing lesions to speeifie nerves or to a speeifie spinal eord 
level. For example: 


Muscles that move the shoulder joint are innervated 
mainly by spinal nerves from spinal eord levels C5 
and C6. 

Muscles that move the elbow are innervated mainly by 
spinal nerves from spinal eord levels C6 and C7. 
Muscles in the hand are innervated mainly by spinal 
nerves from spinal eord levels C8 and Tl. 


C6 segment of spinal eord 


C5 segment of spinal eord 


Somite 



Muscles that abduct the arm are innervated 


by C5 and C6 spinal levels (spinal nerves) 
and develop from somites initially assoeiated 
with C5 and C6 regions of developing spinal eord 


Fig. 1.38 Myotomes. 
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In the elinie 

Dermatomes and myotomes 

A knovvledge of dermatomes and myotomes is absolutely 
fundamental to earrying out a neurological examination. A 
typieal dermatome map is shovvn in Fig. 1.39. 

dinieally, a dermatome is that area of skin supplied by 
a single nerve or spinal eord level. A myotome is that 



region of skeletal muscle innervated by a single nerve or 
spinal eord level. Most individual muscles of the body are 
innervated by more than one spinal eord level, so the 
evaluation of myotomes is usually aeeomplished by 
testing movements of joints or muscle groups. 



B 


Fig. 1.39 Dermatomes. A. Anterior view. B. Posterior view. 
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Viseeral part of the nervous system 

The viseeral part of the nervous system, as in the somatie 
part, eonsists of motor and sensory eomponents: 

Sensory nerves monitor ehanges in the viseera. 

Motor nerves mainly innervate smooth muscle, eardiae 
muscle, and glands. 

The viseeral motor eomponent is eommonly referred to 

as the aiitonomie division of the PNS and is subdivided 
into sympathetie and parasympathetie parts. 


Like the somatie part of the nervous system, the viseeral 
part is segmentally arranged and develops in a parallel 
fashion (Fig. 1.40). 

Viseeral sensory neurons that arise from neural erest 
eells send proeesses medially into the adjaeent neural tube 
and laterally into regions assoeiated with the developing 
body. These sensory neurons and their proeesses, referred 
to as general viseeral afferent fibers (GVAs), are assoei- 
ated primarily with ehemoreeeption, meehanoreeeption, 
and streteh reeeption. 

Viseeral motor neurons that arise from eells in lateral 
regions of the neural tube send proeesses out of the 
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Fig. 1.40 Development of the viseeral part of the nervous system. 
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anterior aspeet of the tube. Unlike in the somatie part, 
these proeesses, eontaining general viseeral efferent 
fibers (GVEs), synapse with other eells, usually other vis- 
eeral motor neurons, that develop outside the CNS from 
neural erest eells that migrate away from their original 
positions elose to the developing neural tube. 

The viseeral motor neurons loeated in the spinal eord 
are referred to as preganglionie motor neurons and their 
axons are ealled preganglionie fibers; the viseeral motor 
neurons loeated outside the CNS are referred to as postgan- 
glionie motor neurons and their axons are ealled postgan- 
glionie fibers. 

The eell bodies of the viseeral motor neurons outside the 
CNS often assoeiate with eaeh other in a diserete mass 
ealled a ganglion. 

Viseeral sensory and motor fibers enter and leave the 
CNS with their somatie equivalents (Fig. 1.41). Viseeral 
sensory fibers enter the spinal eord together with somatie 
sensory fibers through posterior roots of spinal nerves. 
Preganglionie fibers of viseeral motor neurons exit the 
spinal eord in the anterior roots of spinal nerves, along 
with fibers from somatie motor neurons. 

Postganglionie fibers traveling to viseeral elements in 
the periphery are found in the posterior and anterior rami 
(branehes) of spinal nerves. 

Viseeral motor and sensory fibers that travel to and from 
viseera form named viseeral branehes that are separate 
from the somatie branehes. These nerves generally form 
plexuses from which arise branehes to the viseera. 

Viseeral motor and sensory fibers do not enter and leave 
the CNS at all levels (Fig. 1.42); 
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Fig. 1.41 Basie anatomy of a thoraeie spinal nerve 


In the eranial region, viseeral eomponents are assoei- 
ated with four of the twelve eranial nerves (CNIII, VII, 
IX, and X). 

In the spinal eord, viseeral eomponents are assoeiated 
mainly with spinal eord levels T1 to L2 and S2 to S4. 

Viseeral motor eomponents assoeiated with spinal levels 
T1 to L2 are termed sympathetie. Those viseeral motor 
eomponents in eranial and saeral regions, on either side of 
the sympathetie region, are termed parasympathetie: 

The sympathetie system innervates structures in periph- 
eral regions of the body and viseera. 

■ The parasympathetie system is more restrieted to inner- 
vation of the viseera only. 
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Fig. 1.42 Parts of the CNS assoeiated with viseeral motor 
eomponents. 
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Sympathetie system 

The sympathetie part of the autonomic division of the PNS 
leaves thoracolumbar regions of the spinal eord with 
the somatie eomponents of spinal nerves T1 to L2 (Fig. 
1.43). On eaeh side, a paravertebral sympathetie trunk 
extends from the base of the skull to the inferior end of the 


vertebral column where the two trnnks eonverge anteri- 
orly to the coccyx at the ganglion impar. Eaeh trank is 
attaehed to the anterior rami of spinal nerves and beeomes 
the route by which sympatheties are distributed to the 
periphery and all viseera. 

Viseeral motor preganglionie fibers leave the T1 to L2 
part of the spinal eord in anterior roots. The fibers 


Peripheral 


Sympathetie nerves follow 
somatie nerves to periphery 
(glands, smooth muscle) 
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Heart 



Abdominal viseera 


* * * 



Ganglion impar 


Pelvie viseera 


Fig. 1.43 Sympathetie part of the autonomic division of the PNS. 
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then enter the spinal nerves, pass through the anterior 
rami and into the sympathetie trunks. One trunk is loeated 
on eaeh side of the vertebral column (paravertebral) and 
positioned anterior to the anterior rami. Along the trunk 
is a series of segmentally arranged ganglia formed from 
eolleetions of postganglionie neuronal eell bodies where 
the preganglionie neurons synapse with postganglionie 
neurons. Anterior rami of T1 to L2 are eonneeted to the 
sympathetie trunk or to a ganglion by a white ramus 
communicans, which earries preganglionie sympathetie 
fibers and appears white because the fibers it eontains are 
myelinated. 

Preganglionie sympathetie fibers thatenter a paraverte- 
bral ganglion or the sympathetie trunk through a white 
ramus communicans may take the following four path- 
ways to target tissues: 


1. Peripheral sympathetie innervation at the level 
of origin of the preganglionie fiber 

Preganglionie sympathetie fibers may synapse with post- 
ganglionie motor neurons in ganglia assoeiated with the 
sympathetie trunk, after which postganglionie fibers enter 
the same anterior ramus and are distributed with periph- 
eral branehes of the posterior and anterior rami of that 
spinal nerve (Fig. 1.44). The fibers innervate structures at 
the periphery of the body in regions supplied by the spinal 
nerve. The gray ramus communicans eonneets the sym- 
pathetie tmnk or a ganglion to the anterior ramus and 
eontains the postganglionie sympathetie fibers. It appears 
gray because postganglionie fibers are nonmyelinated. The 
gray ramus communicans is positioned medial to the white 
ramus communicans. 


T10 spinal nerve 


Posterior 

ramus 



Peripheral distribution of sympatheties 
earried peripherally by terminal cutaneous 

branehes of spinal nerve T1 to L2 



Gray ramus 


White ramus communicans 



Anterior 

ramus 


4 ■ 


Motor nerve to sweat glands, 
smooth muscle of blood 
vessels, and arreetor pili 
muscles in the part of T10 
dermatome supplied by the 
anterior ramus 


Fig.1.44 Course of sympathetie fibers that travel to the periphery in the same spinal nerves in which they travel out of the spinal eord. 
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Whìte ramys eommynieans 


Gray ramus communicans 


Sympathetie paravertebral trunks 


Fig. 1.45 Course of sympathetie nerves that travel to the periphery in spinal nerves that are not the ones through vvhieh they left the spinal 
eord. 


2. Peripheral sympathetie innervation above or 
below the level of origin of the preganglionie fiber 

Preganglionie sympathetie fibers may aseend or deseend to 
other vertebral levels where they synapse in ganglia assoei- 
ated with spinal nerves that may or may not have viseeral 
motor input direetly from the spinal eord (i.e., those nerves 
other than T1 to L2) (Fig. 1.45). 

The postganglionie fibers leave the distant ganglia via 
gray rami communicantes and are distributed along the 
posterior and anterior rami of the spinal nerves. 

The aseending and deseending fibers, together with all 
the ganglia, form the paravertebral sympathetie trunk, 
which extends the entire length of the vertebral column. 
The formation of this trunk, on eaeh side, enables viseeral 
motor fibers of the sympathetie part of the autonomic 


division of the PNS, which ultimately emerge from only a 
small region of the spinal eord (T1 to L2), to be distributed 
to peripheral regions innervated by all spinal nerves. 

White rami communicantes only occur in assoeiation 
with spinal nerves T1 to L2, whereas gray rami communi- 
eantes are assoeiated with all spinal nerves. 

Fibers from spinal eord levels T1 to T5 pass predomi- 
nantly superiorly, whereas fibers from T5 to L2 pass inferi- 
orly. All sympatheties passing into the head have 
preganglionie fibers that emerge from spinal eord level 
T1 and aseend in the sympathetie trnnks to the highest 
ganglion in the neek (the superior eervieal ganglion), 
where they synapse. Postganglionie fibers then travel along 
blood vessels to target tissues in the head, including blood 
vessels, sweat glands, small smooth muscles assoeiated 
with the upper eyelids, and the dilator of the pupil. 
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3. Sympathetie innervation of thoraeie 
and eervieal viseera 

Preganglionie sympathetie fibers may synapse with post- 
ganglionie motor neurons in ganglia and then leave the 
ganglia medially to innervate thoraeie or eervieal viseera 
(Fig. 1.46). They may aseend in the trank before synaps- 
ing, and after synapsing the postganglionie fibers may 


eombine with those from other levels to form named vis- 
eeral nerves, such as eardiae nerves. Often, these nerves 
join branehes from the parasympathetie system to form 
plexuses on or near the surface of the target organ, for 
example, the eardiae and pulmonary plexuses. Branehes 
of the plexus innervate the organ. Spinal eord levels T1 
to T5 mainly innervate eranial, eervieal, and thoraeie 
viseera. 


Sympathetie eardiae nerves 



White ramus 
communicans 


Fig. 1.46 Course of sympathetie nerves traveling to the heart. 
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4. Sympathetie innervation of the abdomen and pelvie 
regions and the adrenals 

Preganglionie sympathetie fibers may pass through the 
sympathetie trunk and paravertebral ganglia without syn- 
apsing and, together with similar fibers from other levels, 
form splanehnie nerves (greater, lesser, least, lumbar, 


and saeral), which pass into the abdomen and pelvie 
regions (Fig. 1.47). The preganglionie fibers in these 
nerves are derived from spinal eord levels T5 to L2. 

The splanehnie nerves generally eonneet with sympa- 
thetie ganglia around the roots of major arteries that 
braneh from the abdominal aorta. These ganglia are part 
of a large prevertebral plexus that also has input from the 


Greater splanehnie nerves 


Lesser splanehnie nerves 


Least splanehnie nerves 


Lumbar splanehnie nerves 
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Gray ramus 
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Fig. 1.47 Course of sympathetie nerves traveling to abdominal and pelvie viseera. 
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parasympathetie part of the aiitonomie division of the 
PNS. Postganglionie sympathetie fibers are distribiited in 
extensions of this plexus, predominantly along arteries, to 
viseera in the abdomen and pelvis. 

Some of the preganglionie fibers in the prevertebral 
plexus do not synapse in the sympathetie ganglia of the 
plexus but pass through the system to the adrenal gland, 
where they synapse direetly with eells of the adrenal 


medulla. These eells are homologues of sympathetie post- 
ganglionie neurons and seerete adrenaline and noradrena- 
line into the vascular system. 

Parasympathetie system 

The parasympathetie part of the autonomic division of the 
PNS (Fig. 1.48) leaves eranial and saeral regions of the 
CNS in assoeiation with: 
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Fig. 1.48 Parasympathetie part of the autonomic division of the PNS. 

































































eranial nerves III, VII, IX, and X: III, VII, and IX 
earry parasympathetie fìbers to structures within 
the head and neek only, whereas X (the vagus 
nerve) also innervates thoraeie and most abdominal 
viseera; and 

spinal nerves S2 to S4: saeral parasympathetie fibers 
innervateinferiorabdominal viseera, pelvie viseera, and 
the arteries assoeiated with ereetile tissues of the 
perineum. 

Like the viseeral motor nerves of the sympathetie part, 
the viseeral motor ner ves of the parasympathetie part gen- 
erally have two neurons in the pathway. The preganglionie 
neurons are in the CNS, and fibers leave in the eranial 
nerves. 

Saeral preganglionie parasympathetie fibers 

In the saeral region, the preganglionie parasympathetie 
fibers form speeial viseeral nerves (the pelvie splanehnie 
nerves), which originate from the anterior rami of S2 to 
S4 and enter pelvie extensions of the large prevertebral 
plexus formed around the abdominal aorta. These fibers 
are distributed to pelvie and abdominal viseera mainly 
along blood vessels. The postganglionie motor neurons are 
in the walls of the viseera. In organs of the gastrointestinal 
system, preganglionie fibers do not have a postganglionie 
parasympathetie motor neuron in the pathway; instead, 
preganglionie fibers synapse direetly on neurons in the 
ganglia of the enterie system. 

Cranial nerve preganglionie 
parasympathetie fibers 

The preganglionie parasympathetie motor fibers in CN 
III, VII, and IX separate from the nerves and eonneet 
with one of four distinet ganglia, which house postgangli- 
onie motor neurons. These four ganglia are near major 
branehes of CN V. Postganglionie fibers leave the ganglia, 
join the branehes of CN V, and are earried to target tissues 
(salivary, mucous, and laerimal glands; eonstrietor muscle 
of the pupil; and eiliary muscle in the eye) with these 
branehes. 


The vagus nerve [X] gives rise to viseeral branehes along 
its course. These branehes contribute to plexuses assoei- 
ated with thoraeie viseera or to the large prevertebral 
plexus in the abdomen and pelvis. Many of these plexuses 
also eontain sympathetie fibers. 

When present, postganglionie parasympathetie neurons 
are in the walls of the target viseera. 

Viseeral sensory innervation (viseeral afferents) 

Viseeral sensory fibers generally aeeompany viseeral 
motor fibers. 

Viseeral sensory fibers aeeompany 
sympathetie fibers 

Viseeral sensory fibers follow the course of sympathetie 
fibers entering the spinal eord at similar spinal eord levels. 
However, viseeral sensory fibers may also enter the spinal 
eord at levels other than those assoeiated with motor 
output. For example, viseeral sensory fibers from the heart 
may enter at levels higher than spinal eord level Tl. Vis- 
eeral sensory fibers that aeeompany sympathetie fibers are 
mainly eoneerned with deteeting pain. 

Viseeral sensory fibers aeeompany 
parasympathetie fibers 

Viseeral sensory fibers aeeompanying parasympathetie 
fibers are earried mainly in IX and X and in spinal nerves 
S2 to S4. 

Viseeral sensory fibers in IX earry information from ehe- 
moreeeptors and baroreeeptors assoeiated with the walls 
of major arteries in the neek, and from reeeptors in the 
pharynx. 

Viseeral sensory fibers in X include those from eervieal 
viseera, and major vessels and viseera in the thorax and 
abdomen. 

Viseeral sensory fibers from pelvie viseera and the distal 
parts of the eolon are earried in S2 to S4. 

Viseeral sensory fibers assoeiated with parasympathetie 
fibers primarily relay information to the CNS about the 
status of normal physiologieal proeesses and reflex 
aetivities. 
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Fig. 1.49 Enterie part of the nervous system. 


The enterie system 

The enterie nervous system eonsists of motor and sensory 
neurons and their support eells, whichformtwo intereon- 
neeted plexuses, the myenterie and submucous nerve 
plexuses, within the walls of the gastrointestinal traet 
(Fig. 1.49). Eaeh of these plexuses is formed by: 

ganglia, which house the nerve eell bodies and assoei- 
ated eells, and 


bundles of nerve fìbers, which pass between ganglia and 
from the ganglia into surrounding tissues. 

Neurons in the enterie system are derived from neural 
erest eells originally assoeiated with oeeipitoeervieal and 
saeral regions. Interestingly, more neurons are reported to 
be in the enterie system than in the spinal eord itself. 

Sensory and motor neurons within the enterie system 
eontrol reflex aetivity within and between parts of the 
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gastrointestinal system. These reflexes regulate peristalsis, 
seeretomotor aetivity, and vascular tone. These aetivities 
ean occur independently of the brain and spinal eord, but 
ean also be modifìed by input frompreganglionie parasym- 
pathetie and postganglionie sympathetie fìbers. 

Sensory information from the enterie system is earried 
baek to the CNS by viseeral sensory fìbers. 

Nerve plexuses 

Nerve plexuses are either somatie or viseeral and eombine 
fìbers from different sources or levels to form new nerves 
with speeifìe targets or destinations (Fig. 1.50). Plexuses of 
the enterie system also generate reflex aetivity independent 
of the CNS. 

Somatie plexuses 

Major somatie plexuses formed from the anterior rami of 
spinal nerves are the eervieal (C1 to C4), braehial (C5 to 
Tl), lumbar (L1 to L4), saeral (L4 to S4), and eoeeygeal (S5 
to Co) plexuses. Except for spinal nerve Tl, the anterior 
rami of thoraeie spinal nerves remain independent and do 
not partieipate in plexuses. 

Viseeral plexuses 

Viseeral nerve plexuses are formed in assoeiation with 
viseera and generally eontain efferent (sympathetie and 
parasympathetie) and afferent eomponents (Fig. 1.50). 
These plexuses include eardiae and pulmonary plexuses in 
the thorax and a large prevertebral plexus in the abdomen 
anterior to the aorta, which extends inferiorly onto the 
lateral walls of the pelvis. The massive prevertebral plexus 
supplies input to and reeeives output from all abdominal 
and pelvie viseera. 


In the elinie 
Referred pain 

Referred pain occurs when sensory information eomes 
to the spinal eord from one loeation but is interpreted 
by the CNS as eoming from another loeation innervated 
by the same spinal eord level. Llsoally, this happens 
when the pain information eomes from a region, such 
as the gut, which has a low amount of sensory output. 
These afferents eonverge on neurons at the same spinal 
eord level that reeeive information from the skin, which 
is an area with a high amount of sensory output. As a 
result, pain from the normally low output region is 
interpreted as eoming from the normally high 
output region. 

Pain is mostoften referred from a region innervated 
by the viseeral part of the nervous system to a region 
innervated, at the same spinal eord level, by the somatie 
side of the nervous system. 

Pain ean also be referred from one somatie region 
to another. For example, irritation of the peritoneum 
on the inferior surface of the diaphragm, which is 
innervated by the phrenie nerve, ean be referred to 
the skin on the top of the shoulder, which is innervated 
by other somatie nerves arising at the same spinal 
eord level. 


OTHER SYSTEMS 

Speeifìe information about the organization and eompo- 
nents of the respiratory, gastrointestinal, and urogenital 
systems will be discussed in eaeh of the succeeding ehap- 
ters of this text. 
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Fig. 1.50 Nerve plexuses. 




























































































Ginieal eases 


Case 1 


APPENDIdTIS 

A young man sought medieal eare because of eentral 
abdominal pain that was diffuse and eolieky. After 
some hours, the pain began to loealize in the right 
iliae fossa and beeame eonstant. He was referred to an 
abdominal surgeon, who removed a grossly inflamed 
appendix. The patient made an uneventful reeovery. 

When the appendix beeomes inflamed, the viseeral 
sensory fibers are stimulated. These fibers enter the 
spinal eord with the sympathetie fibers at spinal eord 
level T10. The pain is referred to the dermatome of T10, 
which is in the umbilical region (Fig. 1.51). The pain is 
difftjse, not foeal; every time a peristaltie wave passes 
through the ileoeeeal region, the pain recurs. This 
intermittent type of pain is referred to as eolie. 

In the later stages of the disease, the appendix eontaets 
and irritates the parietal peritoneum in the right iliae 
fossa, which is innervated by somatie sensory nerves. This 
produces a eonstant foeal pain, which predominates over 
the eolieky pain that the patient felt some hours 
previously. The patient no longer interprets the referred 
pain from the T10 dermatome. 

Although this is a typieal history for appendieitis, it 
should always be borne in mind that the patient's 
symptoms and signs may vary. The appendix is situated 
in a retroeeeal position in approximately 70% of patients; 
therefore it may never eontaet the parietal peritoneum 
anteriorly in the right iliae fossa. It is also possible that 
the appendix is long and may direetly eontaet other 
structures. As a consequence, the patient may have other 
symptoms (e.g., the appendix may eontaet the ureter r 
and the patient may then develop urological symptoms). 

Although appendieitis is eommon, other disorders, for 
example of the bowel and pelvis, may produce similar 
symptoms. 
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nerve 
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Fig. 1.51 Meehanism for referred pain from an inflamed 
appendix to the T10 dermatome. 
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Conceptual overview 

GENERAL DESCRIPTION 


The baek eonsists of the posterior aspeet of the body and 
provides the musculoskeletal axis of support for the trunk. 
Bony elements eonsist mainly of the vertebrae, although 
proximal elements of the ribs, superior aspeets of the pelvie 
bones, and posterior basal regions of the skull contribute 
to the baek’s skeletal framework (Fig. 2.1). 


Assoeiated muscles intereonneet the vertebrae and ribs 
with eaeh other and with the pelvis and skull. The baek 
eontains the spinal eord and proximal parts of the spinal 
nerves, which send and reeeive information to and from 
most of the body. 


Vertebral column 




Fig. 2.1 Skeletal framevvork of the baek. 
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FUNCTIONS 

Support 

The skeletal and muscular elements of the baek 
support the body’s weight, transmit forees through the 
pelvis to the lower limbs, earry and position the head, 
and braee and help maneuver the upper limbs. The verte- 
bral column is positioned posteriorly in the body at the 
midline. When viewed laterally, it has a number of curva- 
tures (Fig. 2.2): 

The primary curvature of the vertebral column is 
eoneave anteriorly, refleeting the original shape of the 
embryo, and is retained in the thoraeie and saeral 
regions in adults. 

■ Seeondary curvatures, which are eoneave posteriorly, 
form in the eervieal and lumbar regions and bring the 
eenter of gravity into a vertieal line, which allows the 
body’s weight to be balaneed on the vertebral column in 
a way that expends the least amount of muscular energy 
to maintain an upright bipedal stanee. 

As stresses on the baek inerease from the eervieal to 
lumbar regions, lower baek problems are eommon. 

Movement 

Muscles of the baek eonsist of extrinsic and intrinsie 
groups: 

The extrinsic muscles of the baek move the upper limbs 
and the ribs. 

■ The intrinsie muscles of the baek maintain posture and 
move the vertebral column; these movements inehide 
flexion (anterior bending), extension, lateral flexion, 
and rotation (Fig. 2.3). 

Although the amount of movement between any two 
vertebrae is limited, the effeets between vertebrae are addi- 
tive along the length of the vertebral column. Also, freedom 
of movement and extension are limited in the thoraeie 
region relative to the himbar part of the vertebral column. 
Muscles in more anterior regions flex the vertebral column. 


Fig. 2.2 Curvatures of the vertebral column. 
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Extension Flexion 


Lateral flexion 




Fig. 2.3 Baek movements. 


Rotation 



In the eervieal region, the fìrst two vertebrae and assoei- 
ated muscles are speeifieally modified to support and posi- 
tion the head. The head flexes and extends, in the nodding 
motion, on vertebra CI, and rotation of the head occurs as 
vertebra CI moves on vertebra CII (Fig. 2.3). 


Proteetion of the nervous system 

The vertebral column and assoeiated soft tissues of the 
baek eontain the spinal eord and proximal parts of the 
spinal nerves (Fig. 2.4). The more distal parts of the spinal 
nerves pass into all other regions of the body, including 
eertain regions of the head. 


Graníaf nerve 


Spinal eord 


Spinal nerve 



Fig. 2.4 Nervous system. 
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COMPONENT PARTS 
Bones 

The major bones of the baek are the 33 vertebrae (Fig. 
2.5). The number and speeifie eharaeteristies of the verte- 
brae vary depending on the body region with which they 


are assoeiated. There are seven eervieal, twelve thoraeie, 
five lumbar, five saeral, and three to four eoeeygeal verte- 
brae. The saeral vertebrae fuse into a single bony element, 
the sacrum. The eoeeygeal vertebrae are mdimentary in 
structure, vary in number from three to four, and often fuse 
into a single coccyx. 



7 eervieaì vertebrae <Cí—CV1I) 


12 thoraeie vertebrae {Tl—TXii) 


5 lumbar vertebrae (LI-LV) 


Sacrum 

(5 fused saeral vertebrae FV) 
Coccyx 

(3-4 fysed eoeeygeal vertebrae l-IV) 


Fig. 2.5 Vertebrae. 
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Typieal vertebra 

A typieal vertebra eonsists of a vertebral body and a verte- 
bral areh (Fig. 2.6). 

The vertebral body is anterior and is the major weight- 
bearing eomponent of the bone. It inereases in size 
from vertebra CII to vertebra LV. Fibrocartilaginous inter- 
vertebral dises separate the vertebral bodies of adjaeent 
vertebrae. 

The vertebral areh is fìrmly anehored to the posterior 
surface of the vertebral body by two pedieles, which form 
the lateral pillars of the vertebral areh. The roof of the 
vertebral areh is formed by right and left laminae, which 
fuse at the midline. 

The vertebral arehes of the vertebrae are aligned to 
form the lateral and posterior walls of the vertebral eanal, 
which extends from the fìrst eervieal vertebra (CI) to the 
last saeral vertebra (vertebra SV). This bony eanal eontains 
the spinal eord and its proteetive membranes, together 
with blood vessels, eonneetive tissue, fat, and proximal 
parts of spinal nerves. 

The vertebral areh of a typieal vertebra has a number 
of eharaeteristie projeetions, which serve as: 

attaehments for muscles and ligaments, 

levers for the aetion of muscles, and 

sites of articulation with adjaeent vertebrae. 

A spinous proeess projeets posteriorly and generally 
inferiorly from the roof of the vertebral areh. 


On eaeh side of the vertebral areh, a transverse proeess 
extends laterally from the region where a lamina meets a 
pediele. From the same region, a superior articular proeess 
and an inferior articular proeess articulate with similar 
proeesses on adjaeent vertebrae. 

Eaeh vertebra also eontains rib elements. In the thorax, 
these eostal elements are large andformribs, which articu- 
late with the vertebral bodies and transverse proeesses. 
In all other regions, these rib elements are small and are 
ineorporated into the transverse proeesses. Oeeasionally, 
they develop into ribs in regions other than the thorax, 
usually in the lower eervieal and upper lumbar regions. 

Muscles 

Muscles in the baek ean be elassifìed as extrinsic or intrinsie 
based on their embryologieal origin and type of innerva- 
tion (Fig. 2. 7). 

The extrinsic muscles are involved with movements of 
the upper limbs and thoraeie wall and, in general, are 
innervated by anterior rami of spinal nerves. The superfì- 
eial group of these muscles is related to the upper limbs, 
while the intermediate layer of muscles is assoeiated with 
the thoraeie wall. 

All of the intrinsie muscles of the baek are deep in 
position and are innervated by the posterior rami of 
spinal nerves. They support and move the vertebral 
column and partieipate in moving the head. One group 
of intrinsie muscles also moves the ribs relative to the ver- 
tebral column. 
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Fig. 2.6 A typieal vertebra. A. Superior view. B. Lateral view. 
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Fig. 2.7 Baek muscles. A. Extrinsic muscles. B. intrinsie muscles. 






















Conceptual overview • Component Parts 


2 



Vertebral eanal 

The spinal eord lies within a bony eanal formed by adjaeent 
vertebrae and soft tissue elements (the vertebral eanal) 

(Fig. 2.8): 

The anterior wall is formed by the vertebral bodies 
of the vertebrae, intervertebral dises, and assoeiated 
ligaments. 

The lateral walls and roof are formed by the vertebral 
arehes and ligaments. 

Within the vertebral eanal, the spinal eord is surrounded 
by a series of three eonneetive tissue membranes (the 
meninges): 


The pia mater is the innermost membrane and is 
intimately assoeiated with the surface of the 
spinal eord. 

The seeond membrane, the araehnoid mater, is sepa- 
rated from the pia by the subarachnoid spaee, which 
eontains eerebrospinal fluid. 

■ The thiekest and most external of the membranes, the 
dura mater, lies direetly against, but is not attaehed to, 
the araehnoid mater. 

In the vertebral eanal, the dura mater is separated 
from surrounding bone by an extradural (epidural) spaee 
eontaining loose eonneetive tissue, fat, and a venous 
plexus. 
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Fig. 2.8 Vertebral eanal. 
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Spinal nerves 

The 31 pairs of spinal nerves are segmental in distribution 
and emerge from the vertebral eanal between the pedieles 
of adjaeent vertebrae. There are eight pairs of eervieal 
nerves (C1 to C8), twelve thoraeie (T1 to T12), five himbar 
(L1 to L5), five saeral (S1 to S5), and one eoeeygeal (Co). 
Eaeh nerve is attaehed to the spinal eord by a posterior root 
and an anterior root (Fig. 2.9). 

After exiting the vertebral eanal, eaeh spinal nerve 
branehes into: 


a posterior ramus—eolleetively, the small posterior rami 
innervate the baek; and 

an anterior ramus—the much larger anterior rami 
innervate most other regions of the body except the 
head, which is innervated predominantly, but not exclu- 
sively, by eranial nerves. 

The anterior rami form the major somatie plexuses (eer- 
vieal, braehial, lumbar, and saeral) of the body. Major vis- 
eeral eomponents of the PNS (sympathetie trunk and 
prevertebral plexus) of the body are also assoeiated mainly 
with the anterior rami of spinal nerves. 
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Fig. 2.9 Spinal nerves (transverse seetion). 
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RELATIONSHIP TO OTHER REGIONS 
Head 

Cervical regions of the baek constitute the skeletal and 
much of the muscular framework of the neek, which in 
turn supports and moves the head (Fig. 2.10). 


The brain and eranial meninges are continuous with 
the spinal eord meninges at the foramen magnum of the 
skull. The paired vertebral arteries aseend, one on eaeh 
side, through foramina in the transverse proeesses of eervi- 
eal vertebrae and pass through the foramen magnum to 
partieipate, with the internal earotid arteries, in supplying 
blood to the brain. 


Vertebral arteries travel 
in transverse proeesses of 
C6-C1, then pass through 

foramen magnum 



Cervical region 

• supports and moves head 

• transmits spinal eord and 
vertebral arteries betvveen 
head and neek 


Thoraeie region 

• support for thorax 


Liimbar region 

• support for abdomen 


Saeral region 

• transmits vveight to lovver 
limbs through pelvie bones 

• framevvork for posterior 
aspeet of pelvis 


Fig. 2.10 Relationships of the baek to other regions. 
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Thorax, abdomen, and pelvis 

The different regions of the vertebral column contribute to 
the skeletal framework of the thorax, abdomen, and pelvis 
(Fig. 2.10). In addition to providing support for eaeh of 
these parts of the body, the vertebrae provide attaehments 
for muscles and faseia, and articulation sites for other 
bones. The anterior rami of spinal nerves assoeiated with 
the thorax, abdomen, and pelvis pass into these parts of 
the body from the baek. 


Limbs 

The bones of the baek provide extensive attaehments for 
muscles assoeiated with anehoring and moving the upper 
limbs on the trank. This is less trae of the lower limbs, 
which are fìrmly anehored to the vertebral column through 
articulation of the pelvie bones with the saeram. The 
upper and lower limbs are innervated by anterior rami of 
spinal nerves that emerge from eervieal and himbosaeral 
levels, respeetively, of the vertebral column. 


KEY FEATIIRES 

Long vertebral column and short 
spinal eord 

During development, the vertebral column grows much 
faster than the spinal eord. As a result, the spinal eord 
does not extend the entire length of the vertebral eanal 

(Fig.2.11). 

In the adult, the spinal eord typieally ends between ver- 
tebrae LI and LII, although it ean end as high as vertebra 
TXII and as low as the dise between vertebrae LII and LIII. 

Spinal nerves originate from the spinal eord at inereas- 
ingly oblique angles from vertebrae CI to Co, and the nerve 
roots pass in the vertebral eanal for inereasingly longer 
distanees. Their spinal eord level of origin therefore 
beeomes inereasingly dissoeiated from their vertebral 
column level of exit. This is particularly evident for lumbar 
and saeral spinal nerves. 
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Fig. 2.11 Vertebral eanal, spinal eord, and spinal nerves. 
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Intervertebral foramina and spinal nerves 

Eaeh spinal nerve exits the vertebral eanal laterally through 
an intervertebral foramen (Fig. 2.12). The foramen is 
formed between adjaeent vertebral arehes and is elosely 
related to intervertebral joints: 

The superior and inferior margins are formed by notehes 
in adjaeent pedieles. 

The posterior margin is formed by the articular pro- 
eesses of the vertebral arehes and the assoeiated joint. 
The anterior border is formed by the intervertebral 
dise between the vertebral bodies of the adjaeent 
vertebrae. 


Any pathology that occludes or reduces the size of an 
intervertebral foramen, such as bone loss, herniation of 
the intervertebral dise, or disloeation of the zygapophysial 
joint (the joint between the articular proeesses), ean affeet 
the function of the assoeiated spinal nerve. 

Innervation of the baek 

Posterior branehes of spinal nerves innervate the intrinsie 
muscles of the baek and adjaeent skin. The cutaneous dis- 
tribution of these posterior rami extends into the gluteal 
region of the lower limb and the posterior aspeet of the 
head. Parts of dermatomes innervated by the posterior 
rami of spinal nerves are shown in Fig. 2.13. 
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Fig. 2.12 Intervertebral foramina. 



*The dorsal rami of L4 and L5 may not have cutaneous 
branehes and may therefore not be represented as 
dermatomes on the baek 

Fig. 2.13 Dermatomes innervated by posterior rami of spinal 
nerves. 
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Regional anatomy 

SKELETAL FRAMEWORK 

Skeletal eomponents of the baek eonsist mainly of the ver- 
tebrae and assoeiated intervertebral dises. The skull, seap- 
ulae, pelvie bones, and ribs also contribute to the bony 
framework of the baek and provide sites for muscle 
attaehment. 


Vertebrae 

There are approximately 33 vertebrae, which are subdi- 
vided into five groups based on morphology and loeation 

(Fig. 2.14): 

The seven eervieal vertebrae between the thorax and 
skull are eharaeterized mainly by their small size and 
the presenee of a foramen in eaeh transverse proeess 

(Figs. 2.14 and 2.15). 
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Fig.2.14 Vertebrae. 
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Fig. 2.15 Radiograph of eervieal region of vertebral column. A. Anteroposterior view. B. Lateral view. 
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The 12 thoraeie vertebrae are eharaeterized by their 
articulated ribs (Figs. 2.14 and 2.16); although all ver- 
tebrae have rib elements, these elements are small and 
are ineorporated into the transverse proeesses in regions 
other than the thorax; but in the thorax, the ribs are 
separate bones and articulate via synovial joints with 
the vertebral bodies and transverse proeesses of the 
assoeiated vertebrae. 

Inferior to the thoraeie vertebrae are five lumbar verte- 
brae, which form the skeletal support for the posterior 
abdominal wall and are eharaeterized by their large size 

(Figs. 2.14 and 2.17). 


Next are five saeral vertebrae fused into one single bone 
ealled the sacrum, which articulates on eaeh side with 
a pelvie bone and is a eomponent of the pelvie wall. 
Inferior to the sacrum is a variable number, usually four, 
of eoeeygeal vertebrae, which fuse into a single small 
triangular bone ealled the coccyx. 

In the embryo, the vertebrae are formed intersegmen- 
tally from eells ealled selerotomes, which originate from 
adjaeent somites (Fig. 2.18). Eaeh vertebra is derived from 
the eranial parts of the two somites below, one on eaeh 
side, and the caudal parts of the two somites above. The 
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Fig. 2.16 Radiograph of thoraeie region of vertebral column. A. Anteroposterior view. B. Lateral view. 
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Fig. 2.17 Radiograph of lumbar region of vertebral column. A. Anteroposterior view. B. Lateral view. 
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Fig. 2.18 Development of the vertebrae. 
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spinal nerves develop segmentally and pass between the 
forming vertebrae. 

Typieal vertebra 

A typieal vertebra eonsists of a vertebral body and a poste- 
rior vertebral areh (Fig. 2.19). Extending from the verte- 
bral areh are a number of proeesses for imisele attaehment 
and articulation with adjaeent bone. 

The vertebral body is the weight-bearing part of the 
vertebra and is linked to adjaeent vertebral bodies by inter- 
vertebral dises and ligaments. The size of vertebral bodies 
inereases inferiorly as the amount of weight supported 
inereases. 

The vertebral areh forms the lateral and posterior 
parts of the vertebral foramen. 

The vertebral foramina of all the vertebrae together 
form the vertebral eanal, which eontains and proteets 
the spinal eord. Superiorly, the vertebral eanal is continu- 
ous, through the foramen magnum of the skull, with the 
eranial eavity of the head. 


The vertebral areh of eaeh vertebra eonsists of pedieles 
and laminae (Fig. 2.19): 

The two pedieles are bony pillars that attaeh the verte- 
bral areh to the vertebral body. 

The two laminae are flat sheets of bone that extend 
from eaeh pediele to meet in the midline and form the 
roof of the vertebral areh. 

A spinous proeess projeets posteriorly and inferiorly 
from the junction of the two laminae and is a site for 
imisele and ligament attaehment. 

A transverse proeess extends posterolaterally from 
the junction of the pediele and lamina on eaeh side and is 
a site for articulation with ribs in the thoraeie region. 

Also projeeting from the region where the pedieles 
join the laminae are superior and inferior articular 
proeesses (Fig. 2.19), which articulate with the inferior 
and superior articular proeesses, respeetively, of adjaeent 
vertebrae. 
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Fig. 2.19 Typieal vertebra. 
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Between the vertebral body and the origin of the artie- 
ular proeesses, eaeh pediele is notehed on its superior 
and inferior surfaces. These superior and inferior ver- 
tebral notehes partieipate in forming intervertebral 
foramina. 

Cervical vertebrae 

The seven eervieal vertebrae are eharaeterized by their 
small size and by the presenee of a foramen in eaeh trans- 
verse proeess. A typieal eervieal vertebra has the following 
features (Fig. 2.20A): 


The vertebral body is short in height and square shaped 
when viewed from above and has a eoneave superior 
surface and a convex inferior surface. 

Eaeh transverse proeess is trough shaped and perforated 
by a round foramen transversarium. 

The spinous proeess is short and bifid. 

■ The vertebral foramen is triangular. 

The first and seeond eervieal vertebrae—the atlas 
and axis—are speeialized to aeeommodate movement of 
the head. 
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Fig. 2.20 Regional vertebrae. A. Typieal eervieal vertebra. 
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Fig. 2.20, eont’d B. Atlas and axis. C. Typieal thoraeie vertebra. D. Typieal lumbar vertebra. 
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Fig. 2.20, eont’d E. Sacrum. F. Coccyx. 


Atlas and axis 

Vertebra CI (the atlas) articulates with the head (Fig. 
2.21). Its major distinguishing feature is that it laeks a 
vertebral body (Fig. 2.20B). In faet, the vertebral body of 
CI fuses onto the body of CII during development to beeome 
the dens of CII. As a result, there is no intervertebral dise 


Inferior articular faeet 
on lateral mass of Cl 



faeet of Cll 


Fig. 2.21 Radiograph showing Cl (atlas) and Cll (axis) vertebrae. 
Open mouth, anteroposterior (odontoid peg) view. 


between CI and CII. When viewed from above, the atlas is 
ring shaped and eomposed of two lateral masses inter- 
eonneeted by an anterior areh and a posterior areh. 

Eaeh lateral mass articulates above with an oeeipital 
eondyle of the skull and below with the superior articular 
proeess of vertebra CII (the axis). The superior articular 
surfaces are bean shaped and eoneave, whereas the infe- 
rior articular surfaces are almost circular and flat. 

The atlanto-oeeipital joint allows the head to nod up 
and down on the vertebral column. 

The posterior surface of the anterior areh has an articu- 
lar faeet for the dens, which projeets superiorly from the 
vertebral body of the axis. The dens is held in position by a 
strong transverse ligament of atlas posterior to it and 
spanning the distanee between the oval attaehment faeets 
on the medial surfaces of the lateral masses of the atlas. 

The dens aets as a pivot that allows the atlas and 
attaehed head to rotate on the axis, side to side. 

The transverse proeesses of the atlas are large and pro- 
tmde further laterally than those of the other eervieal ver- 
tebrae and aet as levers for muscle aetion, particularly for 
muscles that move the head at the atlanto-axial joints. 

The axis is eharaeterized by the large tooth-like 
dens, which extends superiorly from the vertebral body 
(Figs. 2.20B and 2.2] ). The anterior surface of the dens 
has an oval faeet for articulation with the anterior areh of 
the atlas. 

The two superolateral surfaces of the dens possess eir- 
cular impressions that serve as attaehment sites for strong 
alar ligaments, one on eaeh side, which eonneet the dens 
to the medial surfaces of the oeeipital eondyles. These alar 
ligaments eheek excessive rotation of the head and atlas 
relative to the axis. 71 
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Thoraeie vertebrae 

The twelve thoraeie vertebrae are all eharaeterized by their 
articulation with ribs. A typieal thoraeie vertebra has two 
partial faeets (superior and inferior eostal faeets) on eaeh 
side of the vertebral body for articulation with the head 
of its own rib and the head of the rib below (Fig. 2.20C). 
The superior eostal faeet is much larger than the inferior 
eostal faeet. 

Eaeh transverse proeess also has a faeet (transverse 
eostal faeet) for articulation with the tubercle of its own 
rib. The vertebral body of the vertebra is somewhat heart 
shaped when viewed from above, and the vertebral foramen 
is circular. 

Lumbar vertebrae 

The five lumbar vertebrae are distinguished from vertebrae 
in other regions by their large size (Fig. 2.20D). Also, they 
laek faeets for articulation with ribs. The transverse pro- 
eesses are generally thin and long, with the exception of 
those on vertebra LV, which are massive and somewhat 
eone shaped for the attaehment of iliolumbar ligaments 
to eonneet the transverse proeesses to the pelvie bones. 

The vertebral body of a typieal lumbar vertebra is eylin- 
drieal and the vertebral foramen is triangular in shape and 
larger than in the thoraeie vertebrae. 

Sacrum 

The sacrum is a single bone that represents the five fused 
saeral vertebrae (Fig. 2.20E). It is triangular in shape with 
the apex pointed inferiorly, and is curved so that it has a 
eoneave anterior surface and a eorrespondingly convex 
posterior surface. It articulates above with vertebra LV 


and below with the coccyx. It has two large L-shaped 
faeets, one on eaeh lateral surface, for articulation with the 
pelvie bones. 

The posterior surface of the sacrum has four pairs of 
posterior saeral foramina, and the anterior surface has 
four pairs of anterior saeral foramina for the passage of 
the posterior and anterior rami, respeetively, of S1 to S4 
spinal nerves. 

The posterior wall of the vertebral eanal may be ineom- 
plete near the inferior end of the sacrum. 

Coccyx 

The coccyx is a small triangular bone that articulates with 
the inferior end of the sacrum and represents three to four 
fused eoeeygeal vertebrae (Fig. 2.20F). It is eharaeterized 
by its small size and by the absenee of vertebral arehes and 
therefore a vertebral eanal. 

Intervertebral foramina 

Intervertebral foramina are formed on eaeh side between 
adjaeent parts of vertebrae and assoeiated intervertebral 
dises (Fig. 2.22). The foramina allow structures, such as 
spinal nerves and blood vessels, to pass in and out of the 
vertebral eanal. 

An intervertebral foramen is formed by the inferior ver- 
tebral noteh on the pediele of the vertebra above and the 
superior vertebral noteh on the pediele of the vertebra 
below. The foramen is bordered: 

posteriorly by the zygapophysial joint between the artie- 
ular proeesses of the two vertebrae, and 
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Fig. 2.22 Intervertebral foramen. 
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anteriorly by the intervertebral dise and adjaeent verte- 
bral bodies. 

Eaeh intervertebral foramen is a eonfined spaee sur- 
rounded by bone and ligament, and by joints. Pathology in 
any of these structures, and in the surrounding muscles, 
ean affeet structures within the foramen. 

Posterior spaees between vertebral arehes 

In most regions of the vertebral column, the laminae and 
spinous proeesses of adjaeent vertebrae overlap to form a 


reasonably eomplete bony dorsal wall for the vertebral 
eanal. However, in the lumbar region, large gaps exist 
between the posterior eomponents of adjaeent vertebral 
arehes (Fig. 2.23). These gaps between adjaeent laminae 
and spinous proeesses beeome inereasingly wide from ver- 
tebra LI to vertebra LV. The spaees ean be widened further 
by flexion of the vertebral column. These gaps allow rela- 
tively easy aeeess to the vertebral eanal for elinieal 
procedures. 



Lamina 



Spinous proeess 


Lamina 


Spaee between 
adjaeent laminae 


Fig. 2.23 Spaees between adjaeent vertebral arehes in the lumbar region. 
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In the elinie 
Spina bifìda 

Spina bifìda is a disorder in vvhieh the two sides of 
vertebral arehes, usually in lower vertebrae, fail to fuse 
during development, resulting in an "open" vertebral 
eanal (Fig. 2.24). There are two types of spina bifida. 

■ The eommonest type is spina bifìda occulta, in which 
there is a defeet in the vertebral areh of LV or Sl. This 
defeet occurs in as many as 10% of individuals and 
results in failure of the posterior areh to fuse in the 
midline. Clinically, the patient is asymptomatie, 
although physieal examination may reveal a tuft of 
hair over the spinous proeesses. 

■ The more severe form of spina bifida involves 
eomplete failure of fusion of the posterior areh at 
the lumbosacral junction 7 with a large outpouching 
of the meninges. This may eontain eerebrospinal 
fluid (a meningoeele) or a portion of the spinal eord 
(a myelomeningoeele). These abnormalities may 
result in a variety of neurological defieits, including 
problems with walking and bladder function. 


|-Fourth ventriele 

r Thoraeie aorta vertebral 

Brain spinous proeess 



Fig. 2.24 TTvveighted MR image in the sagittal plane 
demonstrating a lumbosacral myelomeningoeele. There is an 
absenee of laminae and spinous proeesses in the lumbosacral 
region. 


In the elinie 


Vertebroplasty 

Vertebroplasty is a new technique in which the body of a 
vertebra ean be filled with bone eement (typieally methyl 
methaerylate). The indieations for the technique include 
vertebral body eollapse and pain from the vertebral body, 
which may be seeondary to tumor infiltration. The 
procedure is most eommonly performed for osteoporotie 
wedge fractures, which are a eonsiderable cause of 
morbidity and pain in older patients. 

Osteoporotie wedge fractures typieally occur in the 
thoracolumbar region, and the approaeh to performing 


vertebroplasty is novel and relatively straightforward. The 
procedure is performed under sedation or light general 
anesthetie. llsing X-ray guidance the pediele is identified 
on the anteroposterior image. A metal cannula is plaeed 
through the pediele into the vertebral body. Liquid bone 
eement is injeeted via the cannula into the vertebral body 
(see Fig. 1.18, p. 17). The function of the bone eement is 
two-fold. First, it inereases the strength of the vertebral 
body and prevents further loss of height. Furthermore, as 
the bone eement sets, there is a degree of heat generated 
that is believed to dismpt pain nerve endings. 
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ln the elinie 
Seoliosis 

Seoliosis is an abnormal lateral curvature of the vertebral 
column (Fig. 2.25). 

A true seoliosis involves not only the curvature 
(right- or left-sided) but also a rotational element of one 
vertebra upon another. 

The eommonest types of seoliosis are those for vvhieh 
we have little understanding about how or why they 
occur and are termed idiopathie seoliosis. These are never 
present at birth and tend to occur in either the infantile, 
juvenile, or adoleseent age groups. The vertebral bodies 
and posterior elements (pedieles and laminae) are normal 
in these patients. 

When a seoliosis is present from birth (eongenital 
seoliosis) it is usually assoeiated with other developmental 


abnormalities. In these patients, there is a strong 
assoeiation with other abnormalities of the ehest wall, 
genitourinary traet, and heart disease. This group of 
patients needs careful evaluation by many speeialists. 

A rare but important group of seoliosis is that in which 
the muscle is abnormal. Muscular dystrophy is the 
eommonest example. The abnormal muscle does not 
retain the normal alignment of the vertebral column, and 
curvature develops as a result. A muscle biopsy is needed 
to make the diagnosis. 

Other disorders that ean produce seoliosis include 
bone tumors, spinal eord tomors, and loealized dise 
protmsions. 




Fig. 2.25 Severe seoliosis. A. Radiograph, anteroposterior view. B. Volume-rendered CT, anterior view. 
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ln the elinie 

Kyphosis 

Kyphosis is abnormal curvature of the vertebral column in 
the thoraeie region, producing a "hunchback" deformity. 
This eondition occurs in eertain disease states, the most 
dramatie ofvvhieh is usually seeondary to tuberculosis 
infeetion of a thoraeie vertebral body, vvhere the kyphosis 
beeomes angulated at the site of the lesion. This produces 


the gibbus deformity, a deformity that was prevalent 
before the use of antituberculous medieation. 

Lordosis 

Lordosis is abnormal curvature of the vertebral column in 
the lumbar region, producing a swayback deformity. 


In the elinie 

Variation in vertebral numbers 

There are usually seven eervieal vertebrae, although 
in eertain diseases these may be fused. Fusion of 
eervieal vertebrae ( ig. 2.26A) ean be assoeiated with 
other abnormalities, for example Klippel-Feil syndrome, 
in which there is fusion of vertebrae Cl and Cll or CV 
and CVI, and may be assoeiated with a high-riding 
scapula (Sprengel's shoulder) and eardiae 
abnormalities. 



Fused bodies of eervieal vertebrae 


Variations in the number of thoraeie vertebrae also are 
well deseribed. 

One of the eommonest abnormalities in the lumbar 
vertebrae is a partial fusion of vertebra LVwiththe sacrum 
(saeralization of the lumbar vertebra). Partial separation of 
vertebra Sl from the sacrum (lumbarization of first saeral 
vertebra) may also occur ( : ig. 2.26B). 

A hemivertebra occurs when a vertebra develops only 
on one side (Fig. 2.26B). 

Hemívertebra 

_____ I _ 




B 


Partial liimbarization of first saeral vertebra 


Fig. 2.26 Variations in vertebral number. A. Fused vertebral bodies of eervieal vertebrae. B. Hemivertebra. 
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ln the elinie 


The vertebrae and eaneer 

The vertebrae are eommon sites for metastatie disease 
(seeondary spread of eaneer eells). When eaneer eells grow 
within the vertebral bodies and the posterior elements, 
they destroy the meehanieal properties of the bone. A 


minor injury may therefore lead to vertebral eollapse. 
Importantly, vertebrae that eontain extensive metastatie 
disease may extrude fragments of tumor into the 
vertebral eanal, eompressing nerves and the spinal eord. 


In the elinie 
Osteoporosis 

Osteoporosis is a pathophysiologie eondition in which 
bone quality is normal but the quantity of bone is 
defieient. It is a metabolie bone disorder that eommonly 
occurs in women in their 50s and 60s and in men in 
their 70s. 

Many faetors influence the development of 
osteoporosis, including genetie predetermination, level of 
aetivity and nutritional status, and, in particular, estrogen 
levels in women. 

Typieal eomplieations of osteoporosis include "crush" 
vertebral body fractures 7 distal fractures of the radius 7 and 
hip fractures. 


With inereasing age and poor-quality bone, patients 
are more susceptible to fracture. Healing tends to be 
impaired in these elderly patients, who consequently 
require long hospital stays and prolonged rehabilitation. 

Patients likely to develop osteoporosis ean be 
identified by dual-photon X-ray absorptiometry (DXA) 
seanning. Low-dose X-rays are passed through the bone, 
and by counting the number of photons deteeted and 
knowing the dose given, the number of X-rays absorbed 
by the bone ean be calculated. The amount of X-ray 
absorption ean be direetly eorrelated with the bone mass, 
and this ean be used to prediet whether a patient is at risk 
for osteoporotie fractures. 


JOINTS 

Joints betvveen vertebrae in the baek 

The two major types of joints between vertebrae are: 

■ symphyses between vertebral bodies (Fig. 2.27), and 
synovial joints between articular proeesses (Fig. 2.28). 

A typieal vertebra has a total of six joints with adjaeent 
vertebrae: four synovial joints (two above and two below) 
and two symphyses (one above and one below). Eaeh sym- 
physis includes an intervertebral dise. 

Although the movement between any two vertebrae is 
limited, the summation of movement among all vertebrae 
results in a large range of movement by the vertebral 
column. 

Movements by the vertebral column include flexion, 
extension, lateral flexion, rotation, and circumduction. 

Movements by vertebrae in a speeifìe region (eervieal, 
thoraeie, and lumbar) are determined by the shape and 
orientation of joint surfaces on the articular proeesses and 
on the vertebral bodies. 



Layer of 

hyaline 

eartilage 


Fig.2.27 Intervertebral joints. 
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Lateral view 


Zygapophysial joint 



Symphyses between vertebral bodies 
(intervertebral dises) 

The symphysis between adjaeent vertebral bodies is formed 
by a layer of hyaline eartilage on eaeh vertebral body and 
an intervertebral dise, which lies between the layers. 

The intervertebral dise eonsists of an outer anulus 
fibrosus, which surrounds a eentral nucleus pulposus (Fig. 
2.27). 

The amiliis fíbrosus eonsists of an outer ring of eol- 
lagen surrounding a wider zone of fibroeartilage 
arranged in a lamellar configuration. This arrangement 
of fibers limits rotation between vertebrae. 

■ The nucleus pulposus fills the eenter of the interver- 
tebral dise, is gelatinous, and absorbs eompression forees 
between vertebrae. 

Degenerative ehanges in the anulus fibrosus ean lead to 
herniation of the nucleus pulposus. Posterolateral hernia- 
tion ean impinge on the roots of a spinal nerve in the 
intervertebral foramen. 

Joints between vertebral arehes 
(zygapophysial joints) 

The synovial joints between superior and inferior articular 
proeesses on adjaeent vertebrae are the zygapophysial 
joints (Fig. 2.28). A thin articular capsule attaehed to the 
margins of the articular faeets eneloses eaeh joint. 

In eervieal regions, the zygapophysial joints slope infe- 
riorly from anterior to posterior. This orientation faeilitates 
flexion and extension. In thoraeie regions, the joints are 
oriented vertieally and limit flexion and extension, but 
faeilitate rotation. In lumbar regions, the joint surfaces are 
curved and adjaeent proeesses interloek, thereby limiting 
range of movement, though flexion and extension are still 
major movements in the lumbar region. 

"llneovertebral" joints 

The lateral margins of the upper surfaces of typieal eervi- 
eal vertebrae are elevated into erests or lips termed unci- 
nate proeesses. These may articulate with the body of the 
vertebra above to form small u uncovertebrar’ synovial 
joints (Fig. 2.29). 


Superior view 

Fig. 2.28 Zygapophysial joints. 
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Fig. 2.29 Llneovertebral joint. 


In the elinie 

Baekpain 

Baek pain is an extremely eommon disorder. It ean be 
related to meehanieal problems or to dise protmsion 
impinging on a nerve. In eases involving dises, it may 
be neeessary to operate and remove the dise that is 
pressing on the nerve. 

Not infrequently, patients eomplain of pain and no 
immediate cause is found; the pain is therefore 
attributed to meehanieal diseomfort, vvhieh may be 
caused by degenerative disease. One of the treatments 
is to pass a needle into the faeet joint and injeet it vvith 
loeal anesthetie and eortieosteroid. 


In the elinie 

Herniation of intervertebral dises 

The dises betvveen the vertebrae are made up of a eentral 
portion (the nucleus pulposus) and a complex series of 
fibrous rings (anulus fibrosus). A tear ean occur vvithin 
the anulus fibrosus through vvhieh the material of the 
nucleus pulposus ean traek. After a period of time, this 
material may traek into the vertebral eanal or into the 
intervertebral foramen to impinge on neural structures 


(Fig. 2.30). This is a eommon cause of baek pain. A dise 
may protmde posteriorly to direetly impinge on the eord 
or the roots of the lumbar nerves, depending on the level, 
or may protmde posterolaterally adjaeent to the pediele 
and impinge on the deseending root. 

In eervieal regions of the vertebral eolomn, eervieal dise 
protmsions often beeome ossifìed and are termed dise 
osteophyte bars. 


Vertebra! eanal eontaining CSF 

and cauda equina 



LIV vertebra Dise protmsion Dise protrusion Faeet 


Fig. 2.30 Dise protmsion. T2-weighted magnetie resonanee images of the lumbar region of the vertebral column. A. Sagittal plane. 
B. Axial plane. 
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ln the elinie 
Joint diseases 

Some diseases have a predileetion for synovial joints 
rather than symphyses. A typieal example is rheumatoid 
arthritis, which primarily affeets synovial joints and 
synovial bursae, resulting in destmetion of the joint and 
its lining. Symphyses are usually preserved. 


LIGAMENTS 

Joints between vertebrae are reinforeed and supported by 
numerous ligaments, which pass between vertebral bodies 
and intereonneet eomponents of the vertebral arehes. 

Anterior and posterior 
longitudinal ligaments 

The anterior and posterior longitudinal ligaments are on 
the anterior and posterior surfaces of the vertebral bodies 
and extend along most of the vertebral column (Fig. 2.31 ). 

The anterior longitudinal ligament is attaehed 
superiorly to the base of the skull and extends inferiorly to 
attaeh to the anterior surface of the sacrum. Along its 
length it is attaehed to the vertebral bodies and interverte- 
bral dises. 

The posterior longitudinal ligament is on the poste- 
rior surfaces of the vertebral bodies and lines the anterior 
surface of the vertebral eanal. Like the anterior longitudi- 
nal ligament, it is attaehed along its length to the vertebral 
bodies and intervertebral dises. The upper part of the pos- 
terior longitudinal ligament that eonneets CII to the intra- 
eranial aspeet of the base of the skull is termed the teetorial 
membrane (see Fig. 2.20B). 


Posterior longitudinal ligament 



Anterior longitudinal ligament 


Fig. 2.31 Anterior and posterior longitudinal ligaments of 
vertebral column. 


Ligamenta flava 

The ligamenta flava, on eaeh side, pass between the 
laminae of adjaeent vertebrae (Fig. 2.32). These thin, 
broad ligaments eonsist predominantly of elastie tissue 
and form part of the posterior surface of the vertebral 
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Superior 

Ligamenta flava 



Inferior 

Fig. 2.32 Ligamenta flava. 
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Vertebral eanal 


eanal. Eaeh ligamentum flavum runs between the poste- 
rior surface of the lamina on the vertebra below to the 
anterior surface of the lamina of the vertebra above. The 
ligamenta flava resist separation of the laminae in flexion 
and assist in extension baek to the anatomieal position. 


Supraspinous ligament 
and ligamentum nuchae 

The supraspinous ligament eonneets and passes along 
the tips of the vertebral spinous proeesses from vertebra 
CVII to the saemm (Fig. 2.33). From vertebra CVII to 
the skull, the ligament beeomes structurally distinet 
from more caudal parts of the ligament and is ealled the 
ligamentum nuchae. 

The ligamentum nuchae is a triangular, sheet-like 
structure in the median sagittal plane: 

■ The base of the triangle is attaehed to the skull, from the 
external occipitalprotuberance to the foramen magnum. 
The apex is attaehed to the tip of the spinous proeess of 
vertebra CVII. 

The deep side of the triangle is attaehed to the posterior 
tubercle of vertebra CI and the spinous proeesses of the 
other eervieal vertebrae. 

The ligamentum nuchae supports the head. It resists 
flexion and faeilitates returning the head to the anatomieal 



External oeeipital 
protuberance 


L*gaimentum naefiae 

Spinous proeess of 
vertebra CVII 



Fig. 2.33 Supraspinous ligament and ligamentum nuchae. 
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position. The broad lateral surfaces andthe posterior edge 
of the ligament provide attaehment for adjaeent muscles. 


lnterspinous ligaments 

Interspinous ligaments pass between adjaeent vertebral 
spinous proeesses (Fig. 2.34). They attaeh from the base to 
the apex of eaeh spinous proeess and blend with the supra- 
spinous ligament posteriorly and the ligamenta flava ante- 
riorly on eaeh side. 


In the elinie 

Ligamenta flava 

The ligamenta flava are important structures within the 
vertebral eanal. In degenerative eonditions of the 
vertebral eolomn, the ligamenta flava may hypertrophy. 
This is often assoeiated with hypertrophy and arthritie 
ehange of the zygapophysial joints. In eombination, 
zygapophysial joint hypertrophy, ligamenta flava 
hypertrophy, and a mild dise protrusion ean reduce the 
dimensions of the vertebral eanal, producing the 
syndrome of spinal stenosis. 


Ligamentum flavum 



Supraspinous ligament 


Interspinoiis ligament 



Ligamentum flavum 


Supraspinous ligament 


Fig. 2.34 lnterspinous ligaments. 


In the elinie 

Vertebral fractures 

Vertebral fractures ean occur anywhere along the 
vertebral column. In most instanees, the fracture will heal 
under appropriate circumstances. At the time of injury, 
it is not the fracture itself but related damage to the 
eontents of the vertebral eanal and the surrounding 
tissues that determines the severity of the patient's 
eondition. 

Vertebral column stability is divided into three arbitrary 
elinieal "eolomns": the anterior column eonsists of the 
vertebral bodies and the anterior longitudinal ligament; 
the middle column eomprises the vertebral body and the 
posterior longitudinal ligament; and the posterior 
column is made up of the ligamenta flava, interspinous 
ligaments, supraspinous ligaments, and the ligamentum 
nuchae in the eervieal vertebral column. 

Destruction of one of the elinieal columns is usually 
a stable injury requiring little more than rest and 


appropriate analgesia. Dismption of two columns is 
highly likely to be unstable and requires fìxation and 
immobilization. A three-column spinal injury usually 
results in a signifieant neurological event and requires 
fìxation to prevent further extension of the neurological 
defeet and to ereate vertebral column stability. 

At the eranioeervieal junction, a complex series of 
ligaments ereate stability. If the traumatic ineident 
disrupts eranioeervieal stability, the ehanees of a 
signifieant spinal eord injury are extremely high. The 
consequences are quadriplegia. In addition, respiratory 
function may be eompromised by paralysis of the phrenie 
nerve (which arises from spinal nerves C3 to C5), and 
severe hypotension (low blood pressure) may result from 
eentral disruption of the sympathetie part of the 
autonomic division of the nervous system. 

Mid and lower eervieal vertebral column disruption 
may produce a range of complex neurological problems 
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involving the upper and lower limbs, although below 
the level of C5, respiratory function is unlikely to be 
eompromised. 

Lumbar vertebral column injuries are rare. When they 
occur, they usually involve signifieant foree. Knowing that 
a signifieant foree is required to fracture a vertebra, one 
must assess the abdominal organs and the rest of the axial 



skeleton for further fractures and viseeral rupture. 

Vertebral injuries may also involve the softtissues and 
supporting structures between the vertebrae. Typieal 
examples of this are the unifacetal and bifaeetal eervieal 
vertebral disloeations that occur in hyperflexion injuries. 

Pars interarticularis fractures 

The pars interarticularis is a elinieal term to deseribe the 
speeifie region of a vertebra between the superior and 
inferior faeet (zygapophysial) joints (Fig. 2.35A). This 
region is susceptible to trauma, espeeially in athletes. 

If a fracture occurs around the pars interarticularis, the 
vertebral body may slip anteriorly and eompress the 
vertebral eanal. 

The most eommon sites for pars interarticularis 
fractures are the LIV and LV levels ( : ig. 2.35B). (dinieians 
often refer to parts of the baek in shorthand terms that 
are not strietly anatomieal; for example, faeet joints and 
apophyseal joints are terms used instead of zygapophysial 
joints, and spinal column is used instead of vertebral 
column.) 

It is possible for a vertebra to slip anteriorly upon its 
inferior counterpart without a pars interarticularis fracture. 
Usually this is related to abnormal anatomy of the faeet 
joints, faeet joint degenerative ehange. This disorder is 
termed spondylolisthesis. 



Fig.2.35 Radiograph of lumbar region of vertebral column, oblique view (“Seottie dog”). A. Normal radiograph of lumbar region of 
vertebral column, oblique view. In this view, the transverse proeess (nose), pediele (eye), superior articular proeess(ear), inferior 
articular proeess (front leg), and pars interarticularis (neek) resemble a dog. A fracture of the pars interarticularis is visible as a break in 
the neek of the dog, or the appearanee of a eollar. B. Fracture of pars interarticularis. 
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In the elinie 

Siirgieal procedures on the baek 

Diseeetomy/lamineetomy 

A prolapsed intervertebral dise may impinge upon the 
meningeal (theeal) sae, cord r and most eommonly the 
nerve root, producing symptoms attributable to that 
level. In some instanees the dise protrusion will undergo 
a degree of involution that may allow symptoms to 
resolve without intervention. In some instanees pain, 
loss of function, and failure to resolve may require 
surgery to remove the dise protmsion. 

It is of the utmost importanee that the level of the 
dise protmsion is identified before surgery. This may 
require MRI seanning and on-table fluoroscopy to 
prevent operating on the wrong level. A midline 
approaeh to the right or to the left of the spinous 
proeesses will depend upon the most prominent site of 
the dise bulge. In some instanees removal of the lamina 
will inerease the potential spaee and may relieve 
symptoms. Some surgeons perform a small fenestration 
(windowing) within the ligamentum flavum. This 
provides aeeess to the eanal. The meningeal sae and its 
eontents are gently retraeted, exposing the nerve root 
and the offending dise. The dise is disseeted free, 
removing its effeet on the nerve root and the eanal. 

Spinal Fusion 

Spinal fusion is performed when it is neeessary to fuse 
one vertebra with the eorresponding superior or inferior 
vertebra, and in some instanees multilevel fusion may 
be neeessary. indieations are varied, though they 
include stabilization after fracture, stabilization related 
to tumor infiltration, and stabilization when meehanieal 
pain is produced either from the dise or from the 
posterior elements. 

There are a number of surgical methods in which a 
fusion ean be performed, through either a posterior 
approaeh and fusing the posterior elements, an anterior 
approaeh by removal of the dise and either dise 
replaeement or anterior fusion, or in some instanees a 
360° fusion where the posterior elements and the 
vertebral bodies are fused. 


BACKMUSCULATURE 

Muscles of the baek are organized into superficial, interme- 
diate, and deep groups. 

Muscles in the superficial and intermediate groups are 
extrinsic muscles because they originate embryologieally 
from loeations other than the baek. They are innervated by 
anterior rami of spinal nerves: 

The superficial group eonsists of muscles related to and 

involved in movements of the upper limb. 

The intermediate group eonsists of muscles attaehed to 

the ribs and may serve a respiratory function. 

Muscles of the deep group are intrinsie muscles because 
they develop in the baek. They are innervated by posterior 
rami of spinal nerves and are direetly related to mo vements 
of the vertebral column and head. 

Superfìcial group of baek musdes 

The muscles in the superficial group are immediately deep 
to the skin and superficial faseia (Figs. 2.36 to 2.39). They 
attaeh the superior part of the appendicular skeleton (elav- 
iele, scapula, and humerus) to the axial skeleton (skull, 
ribs, and vertebral column). Because these muscles are pri- 
marily involved with movements of this part of the appen- 
dicular skeleton, they are sometimes referred to as the 
appendicular group. 

Muscles in the superficial group include the trapezius, 
latissimus dorsi, rhomboid major, rhomboid minor, and 
levator scapulae. The rhomboid major, rhomboid minor, 
and levator scapulae muscles are loeated deep to the trape- 
zius muscle in the superior part of the baek. 


84 



Regional anatomy • Baek Musculature 


2 


Spinoiis proeess of CVII 


Aeromion 


Spine of seapola 


lliae erest 


Greater oeeipital nerve 
(posterior ramus of C2) 


Third oeeipital nerve 
(posterior ramus of C3) 
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Trapezius 
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Lateral branehes 
of posterior rami 


Thoracolumbar faseia 


Fig. 2.36 Superficial group of baek muscles—trapezius and latissimus dorsi. 
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Rhomboid minor 




Rhomboid major 


Fig. 2.37 Superficial group of baek muscles—trapezius and latissimus dorsi, with rhomboid major, rhomboid minor, and levator scapulae 
loeated deep to trapezius in the superior part of the baek. 
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Trapeziiis 

Eaeh trapezius muscle is flat and triangular, with the base 
of the triangle situated along the vertebral column (the 
imisele’s origin) and the apex pointing toward the tip of the 
shoulder (the muscle’s insertion) (Fig. 2.37 and Table 2.1). 
The muscles on both sides together form a trapezoid. 

The superior fibers of the trapezius, from the skull and 
upper portion of the vertebral column, deseend to attaeh 
to the lateral third of the elaviele and to the aeromion 
of the scapula. Contraction of these fibers elevates the 
scapula. In addition, the superior and inferior fibers work 


together to rotate the lateral aspeet of the scapula upward, 
which needs to occur when raising the upper limb above 
the head. 

Motor innervation of the trapezius is by the aeeessory 
nerve [XI], which deseends from the neek onto the deep 
surface of themuscle (Fig. 2.38). Proprioeeptive fibers from 
the trapezhis pass in the branehes of the eervieal plexus 
and enter the spinal eord at spinal eord levels C3 and C4. 

The blood supply to the trapezius is from the superficial 
braneh of the transverse eervieal artery, the aeromial 
braneh of the suprascapular artery, and the dorsal 
branehes of posterior intereostal arteries. 


Levator scapulae 


Trape^igs 




Aeeessory nerve [XI] 



Siiperfieial braneh of transverse eervieal artery 


Rhomboid minor 


Rhomboid major 


Fig. 2.38 Innervation and blood supply of trapezius. 
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Fig. 2.39 Rhomboid muscles and levator scapulae. 
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Table 2.1 Superficial (appendicular) group of baek muscles 


Muscle Origin 


Insertion 


Innervation 


Function 


Trapezius 


Superior nuchal line, external 
oeeipital protuberance, 
ligamentum nuchae, spinous 
proeesses of CVII to TXII 


Lateral one third of 
elaviele, aeromion, spine 
of scapula 


Latissimus dorsi Spinous proeesses of TVII to Floor of intertubercular 

LV and sacrum, iliae erest, sulcus of humerus 

ribs X to XII 


Motor—aeeessory nerve 
[XI]; proprioeeption—C3 
and C4 


Thoraeodorsal nerve (C6 
to C8) 


Assists in rotating the scapula 
during abduction of humerus 
above horizontal; upper 
fibers elevate, middle fibers 
adduct, and lower fibers 
depress scapula 

Extends, adducts, and 
medially rotates humerus 


Levator scapulae 
Rhomboid major 


Transverse proeesses of Cl to 
CIV 


Spinous proeesses of Tll to 
TV 


Rhomboid minor Lower portion of 

ligamentum nuchae, spinous 
proeesses of CVII and Tl 


Upper portion medial 
border of scapula 

Medial border of scapula 
between spine and 
inferior angle 

Medial border of scapula 
at spine of scapula 


C3 to C4 and dorsal 
scapular nerve (C4, C5) 

Dorsal scapular nerve 
(C4, C5) 

Dorsal scapular nerve 
(C4, C5) 


Elevates scapula 

Retraets (adducts) and 
elevates scapula 

Retraets (adducts) and 
elevates scapula 


Latissimus dorsi 

Latissimus dorsi is a large, flat triangular muscle that 
begins in the lower portion of the baek and tapers as it 
aseends to a narrow tendon that attaehes to the humerus 
anteriorly (Figs. 2.36 to 2.39 and Table 2.1). As a result, 
movements assoeiated with this muscle include extension, 
adduction, and medial rotation of the upper limb. The latis- 
simus dorsi ean also depress the shoulder, preventing its 
upward movement. 

The thoraeodorsal nerve of the braehial plexus inner- 
vates the latissiimis dorsi muscle. Assoeiated with this 
nerve is the thoraeodorsal artery, which is the primary 
blood supply of the muscle. Additional small arteries eome 
from dorsal branehes of posterior intereostal and lumbar 
arteries. 

Levator scapulae 

Levator scapulae is a slender muscle that deseends from 
the transverse proeesses of the upper eervieal vertebrae to 
the upper portion of the scapula on its medial border at the 
superior angle (Fig. 2.37 and 2.39, and Fable 2.1). It 


elevates the scapula and may assist other muscles in rotat- 
ing the lateral aspeet of the scapula inferiorly. 

The levator scapulae is innervated by branehes from the 
anterior rami of spinal nerves C3 and C4 and the dorsal 
scapular nerve, and its arterial supply eonsists of branehes 
primarily from the transverse and aseending eervieal 
arteries. 

Rhomboid minor and rhomboid major 

The two rhomboid muscles are inferior to levator scapulae 
(Fig. 2.39 and Table 2.1). Rhomboidminor is superiorto 
rhomboid major, and is a small, eylindrieal muscle that 
arises from the ligamentum nuchae of the neek and the 
spinous proeesses of vertebrae CVII and TI and attaehes to 
the medial scapular border opposite the root of the spine 
of the scapula. 

The larger rhomboid major originates from the 
spinous proeesses of the upper thoraeie vertebrae and 
attaehes to the medial scapular border inferior to rhomboid 
minor. 

The two rhomboid muscles work together to retraet or 
pull the scapula toward the vertebral column. With other 
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muscles they may also rotate the lateral aspeet of the 
scapula inferiorly. 

The dorsal scapular nerve, a braneh of the braehial 
plexus, innervates both rhomboid imiseles (Fig. 2.40). 

Intermediate group of baek muscles 

The muscles in the intermediate group of baek muscles 
eonsist of two thin muscular sheets in the superior and 
inferior regions of the baek, immediately deep to the 
imiseles in the superfìcial group (Fig. 2.41 and Table 2.2). 
Fibers from these two serratus posterior muscles (serratus 
posterior superior and serratus posterior inferior) 
pass obliquely outward from the vertebral column to attaeh 
to the ribs. This positioning suggests a respiratory function, 


and at times, these muscles have been referred to as the 
respiratory group. 

Serratus posterior superior is deep to the rhomboid 
muscles, whereas serratus posterior inferior is deep to 
the latissimus dorsi. Both serratus posterior muscles are 
attaehed to the vertebral column and assoeiated structures 
medially, and either deseend (the fìbers of the serratus pos- 
terior superior) or aseend (the fìbers of the serratus pos- 
terior inferior) to attaeh to the ribs. These two muscles 
therefore elevate and depress the ribs. 

The serratus posterior muscles are innervated by seg- 
mental branehes of anterior rami of intereostal nerves. 
Their vascular supply is provided by a similar segmental 
pattern through the intereostal arteries. 


Trapezius 


Rhomboid mrnor 



ma|or 



Levator scapulae 

Dorsal scapular nerve 


Superficial braneh of transverse eervieal artery 


Deep braneh of transverse 
eervieal artery 


Lat]ssimus dorsi 


Fig. 2.40 Innervation and blood supply of the rhomboid muscles 
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Levator seapolae 



Serratus posterior siiperior 


Serratus posteríor ínferior 


Posterior layer of 
thoracolumbar faseia 


Fig. 2.41 Intermediate group of baek muscles—serratus posterior muscles. 


Table 2.2 Intermediate (respiratory) group of baek muscles 


Musde 

Origin 

Insertion 

Innervation 

Function 

Serratus posterior 
superior 

Lower portion of ligamentum 
nuchae, spinous proeesses of 
CVII to Tlll, and supraspinous 
ligaments 

Upper border of ribs II 
to V just lateral to their 
angles 

Anterior rami of 
upper thoraeie nerves 
(T2 to T5) 

Elevates ribs II to V 

Serratus posterior 
inferior 

Spinous proeesses of TXI to 

Llll and supraspinous 
ligaments 

Lower border of ribs IX 
to XII just lateral to their 
angles 

Anterior rami of 
lower thoraeie nerves 
(T9 to T12) 

Depresses ribs IX to XII and 
may prevent lower ribs from 
being elevated when the 
diaphragm eontraets 
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Deep group of baek musdes 

The deep or intrinsie muscles of the baek extend from 
the pelvis to the skull and are innervated by segmental 
branehes of the posterior rami of spinal nerves. They 
include: 

the extensors and rotators of the head and neek— 
the splenms eapitis and eervieis (spinotransversales 
muscles), 

the extensors and rotators of the vertebral column—the 

ereetor spinae and transversospinales, and 

the short segmental muscles—the interspinales and 

intertransversarii. 

The vascular supply to this deep group of muscles 
is through branehes of the vertebral, deep eervieal, oeeipi- 
tal, transverse eervieal, posterior intereostal, subcostal, 
himbar, and lateral saeral arteries. 

Thoracolumbar faseia 

The thoracolumbar faseia eovers the deep muscles of 
the baek and trunk (Fig. 2.42). This faseial layer is eritieal 
to the overall organization and integrity of the region: 

Superiorly, it passes anteriorly to the serratus posterior 
muscle and is continuous with deep faseia in the neek. 
In the thoraeie region, it eovers the deep muscles and 
separates them from the muscles in the superficial and 
intermediate groups. 

Medially, it attaehes to the spinous proeesses of the tho- 
raeie vertebrae and, laterally, to the angles of the ribs. 

The medial attaehments of the latissimus dorsi and ser- 
ratus posterior inferior muscles blend into the thoracolum- 
bar faseia. In the himbar region, the thoracolumbar faseia 
eonsists of three layers: 


Psoas major muscle 


Transversus 
abdominis muscle 



Ereetor spinae muscles 


Latissimus dorsi 
muscle 

Thoracolumbar faseia 

l-Anterior iayer 
Middle layer 
Posterior layer 


Fig. 2.42 Thoracolumbar faseia and the deep baek muscles 
(transverse seetion). 


abdominal wall) and is attaehed medially to the trans- 
verse proeesses of the lumbar vertebrae—inferiorly, it 
is attaehed to the iliae erest and, superiorly, it forms 
the lateral arcuate ligament for attaehment of the 
diaphragm. 

The posterior and middle layers of the thoracolumbar 
faseia eome together at the lateral margin of the ereetor 
spinae (Fig. 2.42). At the lateral border of the quadratus 
lumborum, the anterior layer joins them and forms the 
aponeurotic origin for the transversus abdominis imisele 
of the abdominal wall. 

Spinotransversales muscles 

The two spinotransversales muscles run from the spinous 
proeesses and ligamentum nuchae upward and laterally 

(Fig. 2.43 andTable 2.3): 


The posterior layer is thiek and is attaehed to the spinous 
proeesses of the lumbar vertebrae and saeral vertebrae 
and to the supraspinous ligament—from these attaeh- 
ments, it extends laterally to eover the ereetor spinae. 
The middle layer is attaehed medially to the tips of the 
transverse proeesses of the lumbar vertebrae and inter- 
transverse ligaments—inferiorly, it is attaehed to the 
iliae erest and, superiorly, to the lower border of rib XII. 
The anterior layer eovers the anterior surface of the 
quadratus lumborum muscle (a muscle of the posterior 


The splenhis eapitis is a broad imisele attaehed to the 
oeeipital bone and mastoid proeess of the temporal 
bone. 

■ The splenhis eervieis is a narrow muscle attaehed to the 
transverse proeesses of the upper eervieal vertebrae. 

Together the spinotransversales muscles draw the head 
backward, extending the neek. Individually, eaeh muscle 
rotates the head to one side—the same side as the eontraet- 
ing muscle. 
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Ligamentnm nuchae 


Splenius eapitis 


Levator scapulae 


Spleníus eervíeis 


Fig. 2.43 Deep group of baek muscles—spinotransversales muscles (splenius eapitis and splenius eervieis). 


Table 2.3 Spinotransversales muscles 


Musde 

Origin 

Insertion 

Innervation 

Function 

Splenius eapitis 

Lower half of ligamentum 
nuchae, spinous proeesses 
of CVII to TIV 

Mastoid proeess, skull 
below lateral one third of 
superior nuchal line 

Posterior rami of middle 
eervieal nerves 

Together—draw head 
backward, extending neek; 
individually—draw and rotate 
head to one side (turn faee to 
same side) 

Splenius eervieis 

Spinous proeesses of Tlll 
to TVI 

Transverse proeesses of 

Cl to Clll 

Posterior rami of lower 
eervieal nerves 

Together—extend neek; 
individually—draw and rotate 
head to one side (turn faee to 
same side) 


Ereetor spinae muscles 

The ereetor spinae is the largest group of intrinsie baek 
muscles. The imiseles lie posterolaterally to the vertebral 
column between the spinous proeesses medially and 
the angles of the ribs laterally. They are eovered in the 
thoraeie and lumbar regions by thoracolumbar faseia and 
the serratus posterior inferior, rhomboid, and splenius 
muscles. The mass arises from a broad, thiek tendon 


attaehed to the saemm, the spinous proeesses of the 
himbar and lower thoraeie vertebrae, and the iliae erest 
(Fig. 2.44 and Table 2.4). It divides in the upper lumbar 
region into three vertieal columns of muscle, eaeh of 
which is further subdivided regionally (lumborum, thora- 
eis, eervieis, and eapitis), depending on where the imiseles 
attaeh superiorly. 
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Baek 


Spienius oapÈiis 


Spinoys proeess of GVH 


Spinalis 


Longissimus 



lliae erest 



Ligamentum nuchae 


Longissimos eapitis 




Longissimus eervìeis 


Spinalis thoraeis 


Longissimus thoraeis 


Mioeostalis thoraeis 


llíoeostalis lumborum 


Fig. 2.44 Deep group of baek muscles—ereetor spinae muscles. 
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Table 2.4 Ereetor spinae group of baek muscles 


Musde 

llioeostalis lumborum 


llioeostalis thoraeis 


Origin 

Saemrn, spinous proeesses of lumbar and lowertwo 
thoraeie vertebrae and their supraspinous ligaments, 
and the iliae erest 

Angles of the lower six ribs 


llioeostalis eervieis Angles of ribs III to VI 

Longissimus thoraeis Blends with ilioeostalis in lumbar region and is 

attaehed to transverse proeesses of lumbar vertebrae 

Longissimus eervieis Transverse proeesses of upper four or five thoraeie 

vertebrae 

Longissimus eapitis Transverse proeesses of upper four or five thoraeie 

vertebrae and articular proeesses of lower three or 
four eervieal vertebrae 

Spinalis thoraeis Spinous proeesses of TX or TXI to Lll 

Spinalis eervieis Lower part of ligamentum nuchae and spinous 

proeess of CVII (sometimes Tl to Tll) 

Spinalis eapitis Usually blends with semispinalis eapitis 


Insertion 

Angles of the lower six or seven ribs 


Angles of the upper six ribs and the transverse 
proeess of CVII 

Transverse proeesses of CIV to CVI 

Transverse proeesses of all thoraeie vertebrae and just 
lateral to the tubercles of the lower nine or ten ribs 

Transverse proeesses of Cll to CVI 
Posterior margin of the mastoid proeess 


Spinous proeesses of Tl to TVIII (varies) 
Spinous proeess of Cll (axis) 

With semispinalis eapitis 


■ The outer or most laterally plaeed eoliimn of the ereetor 
spinae muscles is the ilioeostalis, which is assoeiated 
with the eostal elements and passes from the eommon 
tendon of origin to multiple insertions into the angles 
of the ribs and the transverse proeesses of the lower 
eervieal vertebrae. 

The middle or intermediate column is the longissimus, 
which is the largest of the ereetor spinae subdivision 
extending from the eommon tendon of origin to the 
base of the skull. Throughout this vast expanse, the 
lateral positioning of the longissimus muscle is in 
the area of the transverse proeesses of the various 
vertebrae. 

The most medial muscle column is the spinalis, which 
is the smallest of the subdivisions and intereonneets the 
spinous proeesses of adjaeent vertebrae. The spinalis is 
most eonstant in the thoraeie region and is generally 
absent in the eervieal region. It is assoeiated with a 
deeper muscle (the semispinalis eapitis) as the ereetor 
spinae group approaehes the skull. 

The muscles in the ereetor spinae group are the primary 
extensors of the vertebral column and head. Aeting bilat- 
erally, they straighten the baek, returning it to the upright 
position from a flexed position, and pull the head posteri- 
orly. They also partieipate in eontrolling vertebral column 
flexion by eontraeting and relaxing in a eoordinated 
fashion. Aeting unilaterally, they bend the vertebral 
eohimn laterally. In addition, unilateral eontraetions of 
muscles attaehed to the head turn the head to the aetively 
eontraeting side. 


Transversospinales musdes 

The transversospinales muscles run obliquely upward and 
medially from transverse proeesses to spinous proeesses, 
fìlling the groove between these two vertebral projeetions 
(Fig. 2.45 and Table 2.5). They are deep to the ereetor 
spinae and eonsist of three major subgroups—the semispi- 
nalis, multifìdus, and rotatores muscles. 

The semispinalis muscles are the most superfìcial eol- 
leetion of muscle fìbers in the transversospinales group. 

These muscles begin in the lower thoraeie region and 
end by attaehing to the skull, erossing between four 
and six vertebrae from their point of origin to point of 
attaehment. Semispinalis muscles are found in the tho- 
raeie and eervieal regions, and attaeh to the oeeipital 
bone at the base of the skull. 

Deep to the semispinalis is the seeond group of muscles, 
the multifìdus. Muscles in this group span the length 
of the vertebral column, passing from a lateral point of 
origin upward and medially to attaeh to spinous pro- 
eesses and spanning between two and four vertebrae. 

The multifìdus muscles are present throughout the 
length of the vertebral column but are best developed in 
the lumbar region. 

The small rotatores muscles are the deepest of the 
transversospinales group. They are present throughout 
the length of the vertebral column but are best devel- 
oped in the thoraeie region. Their fibers pass upward 
and medially from transverse proeesses to spinous pro- 
eesses erossing two vertebrae (long rotators) or attaeh- 
ing to an adjaeent vertebra (short rotators). 95 






Baek 


Semispinalis eapítís 




Rotatores thoraeis 





Levatores costarum 
(short, long) 




Fig.2.45 Deep group of baek muscles—transversospinales and segmental muscles. 
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Table 2.5 Transversospinales group of baek muscles 


Muscle 

Semispinalis thoraeis 

Semispinalis eervieis 
Semispinalis eapitis 

Multifidus 


Rotatores lumborum 
Rotatores thoraeis 
Rotatores eervieis 


Origin 

Transverse proeesses of TVI to TX 

Transverse proeesses of upper five or six thoraeie vertebrae 

Transverse proeesses of Tl to TVI (orTVII) and CVII and 
articular proeesses of CIV to CVI 

Sacrum, origin of ereetor spinae, posterior superior iliae 
spine, mammillary proeesses of lumbar vertebrae, 
transverse proeesses of thoraeie vertebrae, and articular 
proeesses of lowerfour eervieal vertebrae 

Transverse proeesses of lumbar vertebrae 

Transverse proeesses of thoraeie vertebrae 

Articular proeesses of eervieal vertebrae 


Insertion 

Spinous proeesses of upper four thoraeie and 
lower two eervieal vertebrae 

Spinous proeesses of Cll (axis) to CV 

Medial area between the superior and inferior 
nuchal lines of oeeipital bone 

Base of spinous proeesses of all vertebrae from 
LV to 01 (axis) 

Spinous proeesses of lumbar vertebrae 
Spinous proeesses of thoraeie vertebrae 
Spinous proeesses of eervieal vertebrae 


Whenmuscles in the transversospinales group eontraet 
bilaterally, they extend the vertebral column, an aetion 
similar to that of the ereetor spinae group. However, when 
muscles on only one side eontraet, they pull the spinous 
proeesses toward the transverse proeesses on that side, 
causing the trank to turn or rotate in the opposite 
direetion. 

One imisele in the transversospinales group, the semi- 
spinalis eapitis, has a unique aetion because it attaehes 
to the skull. Contracting bilaterally, this muscle pulls the 
head posteriorly, whereas unilateral eontraetion pulls the 
head posteriorly and turns it, causing the ehin to move 
superiorly and turn toward the side of the eontraeting 
muscle. These aetions are similar to those of the upper 
ereetor spinae. 

Segmental miisdes 

The two groups of segmental muscles (Fig. 2.45 and 'able 
2.6) are deeply plaeed in the baek and innervated by pos- 
terior rami of spinal nerves. 

■ The first group of segmental muscles are the levatores 
eostaram muscles, which arise from the transverse 


proeesses of vertebrae CVII and TI to TXI. They have an 
oblique lateral and downward direetion and insert into 
the rib below the vertebra of origin in the area of the 
tubercle. Contraction elevates the ribs. 

The seeond group of segmental nraseles are the trae 
segmental nraseles of the baek—the interspinales, 
which pass between adjaeent spinous proeesses, and the 
intertransversarii, which pass between adjaeent 
transverse proeesses. These postural muscles stabilize 
adjoining vertebrae during movements of the vertebral 
column to allow more effeetive aetion of the large 
muscle groups. 


Suboccipital rrmsdes 

A small group of deep muscles in the upper eervieal region 
at the base of the oeeipital bone move the head. They 
eonneet vertebra CI (the atlas) to vertebra CII (the axis) and 
eonneet both vertebrae to the base of the skull. Because 
of their loeation they are sometimes referred to as suboc- 
eipital nraseles (Figs. 2.45 and 2.46 and Table 2.7). They 
include, on eaeh side: 


Table 2.6 Segmental baek muscles 

Muscle Origin 

Insertion 

Function 

Levatores costarum Short paired muscles arising from 

transverse proeesses of CVII to TXI 

The rib below vertebra of origin 
near tubercle 

Contraction elevates rib 


Interspinales Short paired muscles attaehed to the 

spinous proeesses of contiguous vertebrae, 
one on eaeh side of the interspinous 
ligament 

Intertransversarii Small muscles between the transverse 

proeesses of contiguous vertebrae 


Postural muscles that stabilize 
adjoining vertebrae during 
movements of vertebral column 


Postural musclesthat stabilize 
adjoining vertebrae during 
movements of vertebral column 
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Baek 



Rectus eapitis posteríor mínor 


Gblìquus eapitís inferior 


Semíspinalis eapitis 


Splenius eapitis 



Splenius eapitis 


Obliquus eapitis superior 


Vertebral artery 


Posterior ramus of C1 


Reotus eapitìs posterior major 


Spínous proeess of Cll 


Semispinalis eervieis 


Longissìmys eapitis 


Fig. 2.46 Deep group of baek muscles—suboccipital muscles. This also shovvs the borders of the suboccipital triangle. 


Table 2.7 Suboccipital group of baek muscles 


Muscle 

Rectus eapitis posterior 
major 

Rectus eapitis posterior 
minor 


Origin 

Spinous proeess of 
axis (Cll) 

Posterior tubercle of 
atlas (Cl) 


Insertion 

Lateral portion of oeeipital 
bone below inferior nuchal 
line 

Medial portion of oeeipital 
bone below inferior nuchal 
line 


Innervation 

Posterior ramus of C1 

Posterior ramus of C1 


Function 

Extension of head; rotation of 
faee to same side as muscle 

Extension of head 


Obliquus eapitis superior 


Obliquus eapitis inferior 


Transverse proeess of 
atlas (Cl) 

Spinous proeess of 
axis (Cll) 


Oeeipital bone between 
superior and inferior nuchal 
lines 

Transverse proeess of atlas 
(Cl) 


Posterior ramus of C1 


Posterior ramus of C1 


Extension of head and bends 
it to same side 

Rotation offaeeto same side 


rectus eapitis posterior niajor, 
rectus eapitis posterior minor, 
obliquus eapitis inferior, and 
obliquus eapitis superior. 

Contraction of the suboccipital muscles extends the 
head at the atlanto-axial joint. 

The suboccipital muscles are innervated by the posterior 
ramus of the first eervieal nerve, which enters the area 
between the vertebral artery and the posterior areh of the 
atlas (Fig. 2.46). The vascular supply to the muscles in this 
area is from branehes of the vertebral and oeeipital arteries. 


The suboccipital muscles form the boundaries of the 
suboccipital triangle, an area that eontains several 
important structures (Fig. 2.46): 

The rectus eapitis posterior major muscle forms the 
medial border of the triangle. 

■ The obliquus eapitis superior muscle forms the lateral 
border. 

The obliquus eapitis inferior muscle forms the inferior 
border. 
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The eontents of the area outlined by these muscles are 
the posterior ramus of Cl, the vertebral artery, and assoei- 
ated veins. 


In the elinie 

Nerve injuries affeeting superfìcial backmuscles 

VVeakness in the trapezios, caused by an intermption of 
the aeeessory nerve [XI], may appear as drooping of the 
shoulder, inability to raise the arm above the head 
because of impaired rotation of the scapula, or 
weakness in attempting to raisethe shoulder 
(i.e., shrug the shoulder against resistanee). 

A weakness in, or an inability to use, the latissimus 
dorsi, resulting from an injury to the thoraeodorsal 
nerve, diminishes the eapaeity to pull the body upward 
while elimbing or doing a pull-up. 

An injury to the dorsal scapular nerve, which 
innervates the rhomboids, may result in a lateral shift in 
the position of the scapula on the affeeted side (i.e., the 
normal position of the scapula is lost because of the 
affeeted mosele's inability to prevent antagonistie 
muscles from pulling the scapula laterally). 


SPINAL CORD 


The spinal eord extends from the foramen magnum to 
approximately the level of the dise between vertebrae LI 
and LII in adults, although it ean end as high as vertebra 
TXII or as low as the dise between vertebrae LII and LIII 
(Fig. 2.47). In neonates, the spinal eord extends approxi- 
mately to vertebra LIII but ean reaeh as low as vertebra LIV. 
The distal end of the eord (the conus medullaris) is eone 
shaped. A fìne filament of eonneetive tissue (the pial part 
of the fìlum terminale) continues inferiorly from the apex 
of the conus medullaris. 

The spinal eord is not uniform in diameter along its 
length. It has two major swellings or enlargements in 
regions assoeiated with the origin of spinal nerves that 
innervate the upper and lower limbs. A eervieal enlarge- 
ment occurs in the region assoeiated with the origins of 
spinal nerves C5 to Tl, which innervate the upper limbs. 
A lumbosacral enlargement occurs in the region assoei- 
ated with the origins of spinal nerves L1 to S3, which 
innervate the lower limbs. 

The external surface of the spinal eord is marked by a 
number of fissures and sulci (Fig. 2.48): 


Gerviea! 

enlargement 
(of spinal eord) 


Pedieles of 
vertebrae 


Lumbosacral 
enlargement 
(of spinal eord) 




medullaris 


spinal 
eord LI-LII 


Pial part 


Filum _ 
terminale 


L Dural part 




Inferiorpart of 
araehnoid mater 



End of subarachnoid 
spaee Sll 



Fig. 2.47 Spinal eord. 


The anterior median fìssure extends the length of the 
anterior surface. 


99 






































Central eanal 



Gray matter 

White matter 
Anterior 




Posterior median 
sulcus 



Anterior median fissure 


Fig. 2.48 Features of the spinal eord. 


The posterior median sulcus extends along the pos- 
terior surface. 

The posterolateral sulcus on eaeh side of the poste- 
rior surface marks where the posterior rootlets of spinal 
nerves enter the eord. 

Internally, the eord has a smalleentral eanal surrounded 
by gray and white matter: 

The gray matter is rieh in nerve eell bodies, which form 
longitudinal columns along the eord, and in eross 
seetion these columns form a eharaeteristie H-shaped 
appearanee in the eentral regions of the eord. 

The white matter surrounds the graymatter and is rieh 
in nerve eell proeesses, which form large bundles or 
traets that aseend and deseend in the eord to other 
spinal eord levels or earry information to and from 
the brain. 

Vasculature 

Arteries 




Anterior spinal artery 


Segmental medullary 
arteries 

Vertebral artery 

Aseending eervieal 
artery 

Deep eervieal artery 
Costocervical trunk 
Thyroeervieal trunk 
Subclavian artery 


Segmental medullary 
arteries (braneh from 
segmental spinal 
artery) 

Segmental 
spinal artery 


Posterior intereostal 
artery 


Artery of Adamkievviez 
(braneh from 
segmental 
spinal artery) 


Segmental 
spinal artery 


Lateral saera] arìery 


The arterial supply to the spinal eord eomes from two 
100 sources (Fig. 2.49). It eonsists of: 


Fig. 2.49 Arteries that supply the spinal eord. A. Anterior view of 
spinal eord (not all segmental spinal arteries are shown). 
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Anterior radicular artery 


Segmental spinal artery 


Posterior radicular artery 


Posterior spinal arteries 


Posterior radicular artery 


Anterior radicular artery 


Segmental medullary artery 


Segmental 
spinal artery 


Posterior braneh 
of left posterior 
intereostal artery 



Segmental spinal artery 


Left posterior 
intereostal artery 


B 


Fig. 2.49, eont'd B. Segmental supply of spinal eord 


longitudinally oriented vessels, arising superior to the 
eervieal portion of the eord, which deseend on the 
surface of the eord; and 

feeder arteries that enter the vertebral eanal through 
the intervertebral foramina at every level; these feeder 
vessels, or segmental spinal arteries, arise predomi- 
nantly from the vertebral and deep eervieal arteries in 
the neek, the posterior intereostal arteries in the thorax, 
and the lumbar arteries in the abdomen. 

After entering an intervertebral foramen, the segmental 
spinal arteries give rise to anterior and posterior radicu- 
lar arteries (Fig. 2.49). This occurs at every vertebral 
level. The radicular arteries follow, and supply, the anterior 
and posterior roots. At various vertebral levels, the seg- 
mental spinal arteries also give off segmental medul- 
lary arteries (Fig. 2.49). These vessels pass direetly to the 
longitudinally oriented vessels, reinforeing these. 


The longitudinal vessels eonsist of: 

a single anterior spinal artery, which originates 
within the eranial eavity as the union of two vessels that 
arise from the vertebral arteries—the resulting single 
anterior spinal artery passes inferiorly, approximately 
parallel to the anterior median fissure, along the surface 
of the spinal eord; and 

two posterior spinal arteries, which also originate in 
the eranial eavity, usually arising direetly from a termi- 
nal braneh of eaeh vertebral artery (the posterior infe- 
rior eerebellar artery)—the right and left posterior 
spinal arteries deseend along the spinal eord, eaeh as 
two branehes that braeket the posterolateral sulcus and 
the eonneetion of posterior roots with the spinal eord. 

The anterior and posterior spinal arteries are reinforeed 
along their length by eight to ten segmental medullary 101 
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arteries (Fig. 2.49). The largest of these is the arteria 
radicularis magna or the artery of Adamkiewicz 

(Fig. 2.49). This vessel arises in the lower thoraeie or upper 
lumbar region, usually on the left side, and reinforees the 
arterial supply to the lower portion of the spinal eord, 
including the lumbar enlargement. 

Veins 

Veins that drain the spinal eord form a number of longitu- 
dinal ehannels (Fig. 2.50): 

Two pairs of veins on eaeh side braeket the eonneetions 
of the posterior and anterior roots to the eord. 


One midline ehannel parallels the anterior median 
fissure. 

One midline ehannel passes along the posterior median 
sulcus. 

These longitudinal ehannels drain into an extensive 
internal vertebral plexus in the extradural (epidural) 
spaee of the vertebral eanal, which then drains into seg- 
mentally arranged vessels that eonneet with major sys- 
temie veins, such as the azygos system in the thorax. The 
internal vertebral plexus also communicates with intraera- 
nial veins. 



Extradural fat 


Internal vertebral plexus 


Fig. 2.50 Veins that drain the spinal eord. 
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Meninges 

Spinal dura mater 

The spinal dura mater is the outermost meningeal mem- 
brane and is separated from the bones forming the verte- 
bral eanal by an extradural spaee (Fig. 2.51). Superiorly, it 
is continuous with the inner meningeal layer of eranial 
dura mater at the foramen magnum of the skull. Inferiorly, 
the dural sae dramatieally narrows at the level of the lower 
border of vertebra SII and forms an investing sheath for the 
pial part of the fìlum terminale of the spinal eord. This 
terminal eord-like extension of dura mater (the dural part 
of the fìlum terminale) attaehes to the posterior surface of 
the vertebral bodies of the coccyx. 

As spinal nerves and their roots pass laterally, they are 
surrounded by tubular sleeves of dura mater, which merge 
with and beeome part of the outer eovering (epineurium) 
of the nerves. 

Araehnoid mater 

The araehnoid mater is a thin delieate membrane 
against, but not adherent to, the deep surface of the dura 


mater (Fig. 2.51). It is separated from the pia mater by the 
subarachnoid spaee. The araehnoid mater ends at the level 
of vertebra SII (see Fig. 2.47). 

Subarachnoid spaee 

The subarachnoid spaee between the araehnoid and pia 
mater eontains CSF (Fig. 2.51). The subarachnoid spaee 
around the spinal eord is continuous at the foramen 
magnum with the subarachnoid spaee surrounding the 
brain. Inferiorly, the subarachnoid spaee terminates at 
approximately the level of the lower border of vertebra SII 
(see Fig. 2.47). 

Delieate strands of tissue (araehnoid trabeculae) are 
continuous with the araehnoid mater on one side and the 
pia mater on the other; they span the subarachnoid spaee 
and intereonneet the two adjaeent membranes. Large 
blood vessels are suspended in the subarachnoid spaee by 
similar strands of material, which expand over the vessels 
to form a continuous external eoat. 

The subarachnoid spaee extends further inferiorly than 
the spinal eord. The spinal eord ends at approximately 
the dise between vertebrae LI and LII, whereas the 



Recurrent meningeal nerves 


Anterior spinal artery 


Dura mater 


Denticulate ligament 


Posterior spinal artery 


Subarachnoid spaee 


Pia mater 


Fig. 2.51 Meninges. 
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subarachnoid spaee extends to approximately the lower 
border of vertebra SII (see Fig. 2.4' ). The subarachnoid 
spaee is largest in the region inferior to the terminal end of 
the spinal eord, where it surrounds the cauda equina. As 
a consequence, CSF ean be withdrawn from the subarach- 
noid spaee in the lower lumbar region without endanger- 
ing the spinal eord. 

Pia mater 

The spinal pia mater is a vascular membrane that fìrmly 
adheres to the surface of the spinal eord (Fig. 2.51). It 
extends into the anterior median fissure and refleets as 
sleeve-like eoatings onto posterior and anterior rootlets 
and roots as they eross the subarachnoid spaee. As the 
roots exit the spaee, the sleeve-like eoatings refleet onto the 
araehnoid mater. 

On eaeh side of the spinal eord, a longitudinally ori- 
ented sheet of pia mater (the denticulate ligament) 
extends laterally from the eord toward the araehnoid and 
dura mater (Fig. 2.51). 

Medially, eaeh denticulate ligament is attaehed to the 
spinal eord in a plane that lies between the origins of the 
posterior and anterior rootlets. 

Laterally, eaeh denticulate ligament forms a series of 
triangular extensions along its free border, with the 
apex of eaeh extension being anehored through the 
araehnoid mater to the dura mater. 

The lateral attaehments of the denticulate ligaments 
generally occur between the exit points of adjaeent poste- 
rior and anterior rootlets. The ligaments fiinetion to posi- 
tion the spinal eord in the eenter of the subarachnoid 
spaee. 


Arrangement of striietiires in 
the vertebral eanal 

The vertebral eanal is bordered: 

anteriorly by the bodies of the vertebrae, intervertebral 
dises, and posterior longitudinal ligament (Fig. 2.52); 
laterally, on eaeh side by the pedieles and intervertebral 
foramina; and 

posteriorly by the laminae and ligamenta flava, and in 
the median plane the roots of the interspinous liga- 
ments and vertebral spinous proeesses. 

Between the walls of the vertebral eanal and the dural 
sae is an extradural spaee eontaining a vertebral plexus of 
veins embedded in fatty eonneetive tissue. 

The vertebral spinous proeesses ean bepalpatedthrough 
the skin in the midline in thoraeie and lumbar regions 
of the baek. Between the skin and spinous proeesses is a 
layer of superficial faseia. In lumbar regions, the adjaeent 
spinous proeesses and the assoeiated laminae on either side 
of the midline do not overlap, resulting in gaps between 
adjaeent vertebral arehes. 

When earrying out a lumbar puncture (spinal tap), the 
needle passes between adjaeent vertebral spinous pro- 
eesses, through the supraspinous and interspinous liga- 
ments, and enters the extradural spaee. The needle 
continues through the dura and araehnoid mater and 
enters the subarachnoid spaee, which eontains CSF. 
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Crura of diaphragm 


Posterior longitudinal ligament 


Pedìele 


Cauda equina 


/ Ereetor spinae 

m i inr»lnr* 



Lamina 


Fig. 2.52 Arrangement of structures in the vertebral eanal and the baek (lumbar region). 
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ln the elinie 

Lumbar eerebrospinal f1uid tap 

A lumbar tap (puncture) is earried out to obtain a sample 
ofCSF for examination. In addition, passage of a needle or 
conduit into the subarachnoid spaee (CSF spaee) is used 
to injeet antibioties, chemotherapeutic agents, and 
anestheties. 

The lumbar region is an ideal site to aeeess the 
subarachnoid spaee because the spinal eord terminates 
around the level of the dise betvveen vertebrae Ll and Lll 
in the adult.The subarachnoid spaee extends to the 
region of the lovver border of the Sll vertebra. There is 
therefore a large CSF-filled spaee eontaining lumbar and 
saeral nerve roots but no spinal eord. 

Depending on the elinieian's preferenee, the patient is 
plaeed in the lateral or prone position. A needle is passed 
in the midline in betvveen the spinous proeesses into the 
extradural spaee. Further advaneement punctures the 
dura and araehnoid mater to enterthe subarachnoid 
spaee. Most needles push the roots away from the tip 
without causing the patient any symptoms. Onee the 
needle is in the subarachnoid spaee, fluid ean be 


Spinal nerves 

Eaeh spinal nerve is eonneeted to the spinal eord by poste- 
rior and anterior roots (Fig. 2.53): 

The posterior root eontains the proeesses of sensory 
neurons earrying information to the CNS—the eell 
bodies of the sensory neurons, which are derived 
embryologieally from neural erest eells, are clustered in 
a spinal ganglion at the distal end of the posterior 
root, usually in the intervertebral foramen. 

The anterior root eontains motor nerve fibers, which 
earry signals away from the CNS—the eell bodies of the 
primary motor neurons are in anterior regions of the 
spinal eord. 

Medially, the posterior and anterior roots divide into 
rootlets, which attaeh to the spinal eord. 


aspirated. In some situations, it is important to measure 
CSF pressure. 

Loeal anestheties ean be injeeted into the extradural 
spaee or the subarachnoid spaee to anesthetize the saeral 
and lumbar nerve roots. Such anesthesia is useful for 
operations on the pelvis and the legs, which ean then be 
earried out without the need for general anesthesia. When 
procedures are earried out, the patient must be in the 
ereet position and not lying on his or her side or in the 
head-down position. If a patient lies on his or her side, the 
anesthesia is likely to be unilateral. If the patient is plaeed 
in the head-down position, the anesthetie ean pass 
eranially and potentially depress respiration. 

In some instanees, anesthesiologists ehoose to earry 
out extradural anesthesia. A needle is plaeed through 
the skin, supraspinous ligament, interspinous ligament, 
and ligamenta flava into the areolar tissue and fat around 
the dura mater. Anesthetie agent is introduced and 
diffuses around the vertebral eanal to anesthetize the 
exiting nerve roots and diffuse into the subarachnoid 
spaee. 


A spinal segment is the area of the spinal eord that 
gives rise to the posterior and anterior rootlets, which 
will form a single pair of spinal nerves. Laterally, the pos- 
terior and anterior roots on eaeh side join to form a spinal 
nerve. 

Eaeh spinal nerve divides, as it emerges from an 
intervertebral foramen, into two major branehes: a small 
posterior ramus and a much larger anterior ramus 

(Fig. 2.53): 

The posterior rami innervate only intrinsie baek 
imiseles (the epaxial muscles) and an assoeiated narrow 
strip of skin on the baek. 

■ The anterior rami innervate most other skeletal 
muscles (the hypaxial muscles) of the body, including 
those of the limbs and trunk, and most remaining areas 
of the skin, except for eertain regions of the head. 
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Somatie motor 


nerve 


intrinsie baek muscles 


Posterior root 


Spinal ganglion 


Spinal nerve 



Posterior ramus 


Anterior rootlets 


All muscles except intrinsie 

baek muscles 


Somatie sensory 
nerve ending in skin 


Fig. 2.53 Basie organization of a spinal nerve. 


Near the point of division into anterior and posterior 
rami, eaeh spinal nerve gives rise to two to four small 
recurrent meningeal (sinuvertebral) nerves (see Fig. 2.51). 
These nerves reenter the intervertebral foramen to supply 
dura, ligaments, intervertebral dises, and blood vessels. 

All major somatie plexuses (eervieal, braehial, lumbar, 
and saeral) are formed by anterior rami. 

Because the spinal eord is much shorter than the verte- 
bral column, the roots of spinal nerves beeome longer and 
pass more obliquely from the eervieal to eoeeygeal regions 
of the vertebral eanal (Fig. 2.54). 


In adults, the spinal eord terminates at a level approxi- 
mately between vertebrae LI and LII, but this ean range 
between vertebra TXII and the dise between vertebrae LII 
and LIII. Consequently, posterior and anterior roots forming 
spinal nerves emerging between vertebrae in the lower 
regions of the vertebral column are eonneeted to the spinal 
eord at higher vertebral levels. 

Below the end of the spinal eord, the posterior and ante- 
rior roots of lumbar, saeral, and eoeeygeal nerves pass infe- 
riorly to reaeh their exit points from the vertebral eanal. 
This terminal cluster of roots is the cauda equina. 
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Fig. 2.54 Course of spinal nerves in the vertebral eanal. 
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Nomendature of spinal nerves 

There are approximately 31 pairs of spinal nerves (Fig. 
2.54), named aeeording to their position with respeet to 
assoeiated vertebrae: 

eight eervieal nerves—C1 to C8, 
twelve thoraeie nerves—T1 to T12, 
five lumbar nerves—L1 to L5, 
five saeral nerves—S1 to S5, 
one eoeeygeal nerve—Co. 

The first eervieal nerve (Cl) emerges from the vertebral 
eanal between the skull and vertebra CI (Fig. 2.55). There- 
fore eervieal nerves C2 to C7 also emerge from the verte- 
bral eanal above their respeetive vertebrae. Because there 
are only seven eervieal vertebrae, C8 emerges between ver- 
tebrae CVII and TI. As a consequence, all remaining spinal 
nerves, beginning with Tl, emerge from the vertebral 
eanal below their respeetive vertebrae. 


In the elinie 

Herpes zoster 

Herpes zoster is the virus that produces chickenpox in 
ehildren. In some patients the virus remains dormant 
in the eells of the spinal ganglia. Llnder eertain 
circumstances 7 the virus beeomes aetivated and travels 
along the neuronal bundles to the areas supplied by 
that nerve (the dermatome). A rash ensues, which is 
eharaeteristieally exquisitely painful. Importantly, this 
typieal dermatomal distribution is eharaeteristie of 
this disorder. 


Transition in 
nomenelatiire 
of nerves 


Pediele 



Nerve G1 emerges betvveen 
skull and CI vertebra 


Nerves C2 to C7 emerge 
superior to pedieles 


Nerve C8 emerges inferior to 
pedíele of GVÍI vertebra 


Nerves T1 to Co emerge 
inferior to pedieles of 
their respeetive vertebrae 



Fig. 2.55 Nomenclature of the spinal nerves. 
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ln the elinie 

Baek pain—alternative explanations 

Baek pain is an extremely eommon eondition affeeting 
almost all individuals at some stage during their life. It is 
of key elinieal importanee to identify whether the baek 
pain relatesto the vertebral column and its attaehments 
or relates to other structures. 

The failure to eonsider other potential structures that 
may produce baek pain ean lead to signifkant mortality 
and morbidity. Pain may refer to the baek from a number 
of organs situated in the retroperitoneum. Panereatie pain 
in particular refers to the baek and may be assoeiated with 
panereatie eaneer and panereatitis. Renal pain, which may 
be produced by stones in the renal eolleeting system or 
renal tumors 7 also typieally refers to the baek. More often 
than not this is usually unilateral; however, it ean produce 


eentral posterior baek pain. Enlarged lymph nodes in the 
pre- and para-aortie region may produce eentral posterior 
baek pain and may be a sign of solid tumor malignaney, 
infeetion, or Hodgkin's lymphoma. An enlarging 
abdominal aorta (abdominal aortie aneurysm) may cause 
baek pain as it enlarges without rupture. Therefore it is 
eritieal to think of this structure as a potential cause of 
baek pain, because treatment will be lifesaving. Moreover, 
a ruptured abdominal aortie aneurysm may also cause 
acute baek pain in the fìrst instanee. 

In all patients baek pain requires careful assessment 
not only of the vertebral column but also of the ehest and 
abdomen in order notto miss other important anatomieal 
structures that may produce signs and symptoms 
radiating to the baek. 
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Surface anatomy 


Baek surface anatomy 

Surface features of the baek are used to loeate muscle 
groups for testing peripheral nerves, to determine regions 
of the vertebral column, and to estimate the approximate 
position of the inferior end of the spinal eord. They are also 
used to loeate organs that occur posteriorly in the thorax 
and abdomen. 


Absenee of lateral curvatures 

When viewed from behind, the normal vertebral column 
has no lateral curvatures. The vertieal skin furrowbetween 
muscle masses on either side of the midline is straight 

(Fig. 2.56). 



Fig. 2.56 Normal appearanee of the baek. A. In women. B. In men. 
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Primary and seeondary curvatures 
in the sagittal plane 

When viewed from the side, the normal vertebral column 
has primary curvatures in the thoraeie and saeral/ 
eoeeygeal regions and seeondary curvatures in the eervieal 
and himbar regions (Fig. 2.57). The primary curvatures 
are eoneave anteriorly. The seeondary curvatures are 
eoneave posteriorly. 

Useful nonvertebral skeletal landmarks 

A number of readily palpable bony features provide useful 
landmarks for defining muscles and for loeating structures 


assoeiated with the vertebral column. Among these fea- 
tures are the external oeeipital protuberance, the scapula, 
and the iliae erest (Fig. 2.58). 

The external oeeipital protuberance is palpable in the 
midline at the baek of the head just superior to the 
hairline. 

The spine, medial border, and inferior angle of the 
scapula are often visible and are easily palpable. 

The iliae erest is palpable along its entire length, from 
the anterior superior iliae spine at the lower lateral margin 
of the anterior abdominal wall to the posterior superior 
iliae spine near the base of the baek. The position of the 
posterior superior iliae spine is often visible as a “saeral 
dimple” just lateral to the midline. 


Thoraeie region 

primary curvature 


Saeral/eoeeygeal region 

primary curvature 



Gervieal region 
seeondary curvature 


Lumbar region 

seeondary curvature 


Fig. 2.57 Normal curvatures of the vertebral column. 
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Spine of scapula 


Medial border of scapula 


Inferior angle of seapyla 



Position of external 
oeeipital protuberance 


lliae erest 


Posterior superior iliae spine 


Fig.2.58 Baek of a woman with major palpable bony landmarks indieated. 
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How to identify speeifìe vertebral 
spinous proeesses 

Identifìeation of vertebral spinous proeesses (Fig. 2.59A) 
ean be used to differentiate between regions of the verte- 
bral eohimn and faeilitate visualizing the position of deeper 
structures, such as the inferior ends of the spinal eord and 
subarachnoid spaee. 


The spinous proeess of vertebra CII ean be identified 
through deep palpation as the most superior bony protu- 
beranee in the midline inferior to the skull. 

Most of the other spinous proeesses, except for that of 
vertebra CVII, are not readily palpable because they are 
obscured by soft tissue. 


Root of spine of scapula 


Inferior angle of seapnla 


Híghest point of iliae erest 

llíae erest 
Saeral dimple 




Position of external 
oeeipitai protuberance 

Cll vertebral spinous proeess 

CVII vertebral spinous proeess 
Tl vertebral spinous proeess 

Tìll vertebral spinous proeess 


TVII vertebral spinous proeess 


TX11 vertebral spínous proeess 
LIV vertebra! spinous proeess 

Sll vertebral spinous proeess 


Tìp of coccyx 





CVII vertebral 

spinous proeess 

Tl vertebral 
spinous proeess 
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Fig. 2.59 The baek with the positions of vertebral spinous proeesses and assoeiated structures indieated. A. In a man. B. In a woman with 
neek flexed. The prominent CVII and Tl vertebral spinous proeesses are labeled. C. In a woman with neek flexed to accentuate the 
ligamentum nuchae. 
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The spinous proeess of CVII is usually visible as a promi- 
nent eminenee in the midline at the base of the neek (Fig. 
2.59B), particularly when the neek is flexed. 

Extending between CVII and the external oeeipital pro- 
tuberance of the skull is the ligamentum nuchae, which is 
readily apparent as a longitudinal ridge when the neek is 
flexed (Fig. 2.59C). 

Inferior to the spinous proeess of CVII is the spinous 
proeess of TI, which is also usually visible as a midline 
protuberance. Often it is more prominent than the spinous 
proeess of CVII (Fig. 2.59A,B). 

The root of the spine of the scapula is at the same level 
as the spinous proeess of vertebra TIII, and the inferior 
angle of the scapula is level with the spinous proeess of 
vertebraTVII (Fig. 2.59A). 

The spinous proeess of vertebra TXII is level with the 
midpoint of a vertieal line between the inferior angle of the 
scapula and the iliae erest (Fig. 2.59A). 

A horizontal line between the highest point of the iliae 
erest on eaeh side erosses through the spinous proeess of 
vertebra LIV. The LIII and LV vertebral spinous proeesses 
ean be palpated above and below the LIV spinous proeess, 
respeetively (Fig. 2.59A). 

The saeral dimples that mark the position of the poste- 
rior superior iliae spine are level with the SII vertebral 
spinous proeess (Fig. 2.59A). 


The tip of the coccyx is palpable at the base of the ver- 
tebral column between the gluteal masses (Fig. 2.59A). 

The tips of the vertebral spinous proeesses do not always 
lie in the same horizontal plane as their eorresponding 
vertebral bodies. In thoraeie regions, the spinous proeesses 
are long and sharply sloped downward so that their tips lie 
at the level of the vertebral body below. In other words, the 
tip of the TIII vertebral spinous proeess lies at vertebral 
level TIV. 

In lumbar and saeral regions, the spinous proeesses are 
generally shorter and less sloped than in thoraeie regions, 
and their palpable tips more elosely refleet the position of 
their eorresponding vertebral bodies. As a consequence, 
the palpable end of the spinous proeess of vertebra LIV lies 
at approximately the LIV vertebral level. 

Visiializing the inferior ends of the spinal 
eord and subarachnoid spaee 

The spinal eord does not occupy the entire length of 
the vertebral eanal. Normally in adults, it terminates 
at the level of the dise between vertebrae LI and LII; 
however, it may end as high as TXII or as low as the 
dise between vertebrae LII and LIII. The subarachnoid 
spaee ends at approximately the level of vertebra SII 
(Fig. 2.60A). 


Inferior endof spinal eord 

(normally between 
Ll and Lll vertebra) 


Inferior end of 
siibaraehnoid spaee 




Fig. 2.60 Baek with the ends of the spinal eord and subarachnoid spaee indieated. A. In a man. 


TXJI vertebral spinoys proeess 


LJV vertebral spinous prooess 
Sll vertebral spìnous proeess 


Tlp of coccyx 


Continued 
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LIV vertebral spinous proeess LV vertebral spinous proeess 





Tip of coccyx 


Fig. 2.60, eont'd Baek with the ends of the spinal eord and subarachnoid spaee indieated. B. In a woman lying on her side in a fetal 
position, which accentuates the lumbar vertebral spinous proeesses and opens the spaees between adjaeent vertebral arehes. Cerebrospinal 
fluid ean be withdrawn from the subarachnoid spaee in lower lumbar regions without endangering the spinal eord. 


Because the subarachnoid spaee ean be aeeessed in the 
lower lumbar region without endangering the spinal eord, 
it is important to be able to identify the position of the 
lumbar vertebral spinous proeesses. The LIV vertebral 
spinous proeess is level with a horizontal line between the 
highest points on the iliae erests. In the lumbar region, the 
palpable ends of the vertebral spinous proeesses lie oppo- 
site their eorresponding vertebral bodies. The subarach- 
noid spaee ean be aeeessed between vertebral levels LIII 
and LIV and between LIV and LV without endangering the 
spinal eord (Fig. 2.60B). The subarachnoid spaee ends at 
vertebral level SII, which is level with the saeral dimples 
marking the posterior superior iliae spines. 

Identifying major musdes 

A number of intrinsie and extrinsic muscles of the baek 
ean readily be observed and palpated. The largest of these 
are the trapezms and latissiimis dorsi muscles (Fig. 2.61 A 
and 2.61B). Retraeting the scapulae toward the midline 
ean accentuate the rhomboid muscles (Fig. 2.61C), which 
lie deep to the trapezius muscle. The ereetor spinae muscles 
are visible as two longitudinal columns separated by a 
furrow in the midline (Fig. 2.61 A). 



A Ereetor spinae nrmseles 

Fig. 2.61 Baek muscles. A. In a man with latissimus dorsi, 
trapezius, and ereetor spinae muscles outlined. 
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Rhomboia minor 


Rhomboid major 


e 


Fig. 2.61, eont'd Baek muscles. B. In a man with arms abducted to accentuate the lateral margins of the latissimus dorsi muscles. C. In a 
woman with scapulae externally rotated and foreibly retraeted to accentuate the rhomboid muscles. 
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Ginieal eases 

Case 1 

SCIATICA VERSIIS LLJMBAGO 

A 50-year-old woman visited her loeal family 
praetitioner with severe lower baek pain radiating 
into her right buttock. 

Low baek pain is a eommon problem in family praetiee. 

Of the many eommon causes of low baek pain some 
need to be identified early to eommenee appropriate 
treatment. The eommon causes include an anular dise 
tear, a dise prolapse that impinges direetly on a nerve 


root, spinal stenosis, and meehanieal zygapophysial joint 
pain. Overall, the main causes ean be distilled into three 
eentral groups: meehanieal baek pain, degenerative joint 
disease, and neuronal eompression. 

Seiatiea and lumbago are not the same. Lumbago is a 
generie term referring to low baek pain. Seiatiea is a 
name given to pain in the area of distribution of the 
seiatie nerve (L4 to S3), which is eommonly felt in the 
buttockand overthe posterolateral aspeets of the leg. 


Case 2 

CERVICAL SPINAL CORD INJURY 

A 45-year-old man was involved in a serious ear 
aeeident. On examination he had a severe injury to 
the eervieal region of his vertebral column with 
damage to the spinal eord. In faet, his breathing 
beeame erratie and stopped. 

If the eervieal spinal eord injury is above the level of 
C5, breathing is likely to stop. The phrenie nerve takes 
origin from C3, CA, and C5 and supplies the diaphragm. 
Breathing may not eease immediately if the lesion is just 
below C5, but does so as the eord beeomes edematous 
and damage progresses superiorly. In addition, some 
respiratory and ventilatory exchange may occur by 
using neek muscles plus the sternoeleidomastoid and 
trapezius muscles, which are innervated by the 
aeeessory nerve [XI]. 


The patient was unable to sense or move his upper and 
lower limbs. 

The patient has paralysis of the upper and lower limbs 
and is therefore quadriplegic. If breathing is unaffected, 
the lesion is below the level of C5 or at the level of C5. 
The nerve supply to the upper limbs is via the braehial 
plexus, which begins at the C5 level. The site of the spinal 
eord injury is at or above the C5 level. 

It is important to remember that although the eord has 
been transeeted in the eervieal region, the eord below 
this level is intaet. Reflex aetivity may therefore occur 
below the injury, but communication with the brain 
is lost. 
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Case 3 

PSOAS ABSCESS 

A 25-year-old woman eomplained of inereasing 
lumbar baek pain. Over the ensuing weeks she was 
noted to have an enlarging lump in the right groin, 
which was mildly tender to touch. On direet 
questioning, the patient also eomplained of a 
productive cough with sputum eontaining mucus and 
blood, and she had a mild temperature. 

The ehest radiograph revealed a eavitating apieal lung 
mass, which explains the pulmonary history. 

Given the age of the patient a primary lung eaneer is 
unlikely. The hemoptysis (coughing up blood in the 
sputum) and the rest of the history suggest the patient 
has a lung infeetion. Given the ehest radiographie 
findings of a eavity in the apex of the lung, a diagnosis 
of tuberculosis (TB) was made. This was eonfirmed by 
bronehoseopy and aspiration of pus r which was cultured. 

During the patient's pulmonary infeetion, the tuberculous 
bacillus had spread via the blood to vertebra LI.The bone 
destruction began in the cancellous bone of the vertebral 


body elose to the intervertebral dises. This disease 
progressed and eroded into the intervertebral dise, 
which beeame infeeted. The dise was destroyed, and the 
infeeted dise material extruded around the dise anteriorly 
and passed into the psoas muscle sheath. This is not an 
uncommon finding for a tuberculous infeetion of the 
lumbar portion of the vertebral column. 

As the infeetion progressed, the pus spread within the 
psoas muscle sheath beneath the inguinal ligament to 
produce a hard mass in the groin. This is a typieal finding 
for a psoas abseess. 

Fortunately for the patient, there was no evidenee of any 
damage within the vertebral eanal. 

The patient underwent a radiologieally guided drainage 
of the psoas abseess and was treated for over 6 months 
with a long-term antibiotie regimen. She made an 
excellent reeovery with no further symptoms, although 
the eavities within the lungs remain. It healed with 
selerosis. 


Case 4 

DISSECTING THORACIC ANELIRYSM 

A 72-year-old fìt and healthy man was brought to 
the emergeney department with severe baek pain 
beginning at the level of the shoulder blades and 
extending to the midlumbar region. The pain was 
of relatively acute onset and was continuous. The 
patient was able to walk to the gurney as he entered 
the ambulance; however, at the emergeney 
department the patient eomplained of inability 
to use both legs. 

The attending physieian examined the baek thoroughly 
and found no signifieant abnormality. He noted that 
there was reduced sensation in both legs, and there 
was virtually no power in extensor or flexor groups. The 
patient was taehyeardie, which was believed to be due to 
pain, and the blood pressure obtained in the ambulance 
measured 120/80 mm Hg. It was noted that the patient's 
current blood pressure was 80/40 mm Hg; however, the 
patientdid not eomplain oftypieal elinieal symptomsof 
hypotension. 

On first inspeetion, it is difficult to "add up" these elinieal 
symptoms and signs. In essenee we have a progressive 
paraplegia assoeiated with severe baek pain and an 


anomaly in blood pressure measurements, which are not 
eompatible with the elinieal state of the patient. 

It was deduced that the blood pressure measurements 
were obtained in different arms, and both were 
reassessed. 

The blood pressure measurements were true. In the right 
arm the blood pressure measured 120/80 mm Hg and in 
the left arm the blood pressure measured 80/40 mm Hg. 
This would imply a defieieney of blood to the left arm. 

The patient was transferred from the emergeney 
department to the CT seanner, and a sean was performed 
that included the ehest, abdomen, and pelvis. 

The CT sean demonstrated a disseeting thoraeie aortie 
aneurysm. Aortie disseetion occurs when the tunica 
intima and part of the tunica media of the wall of the 
aorta beeome separated from the remainder of the tunica 
media and the tunica adventitia of the aorta wall. This 
produces a false lumen. Blood passes not only in the true 
aortie lumen but also through a small hole into the wall 
ofthe aorta and into the false lumen. It often reenters 
the true aortie lumen inferiorly. This produces two 

(contiriues) 




Case 4 (continued) 

ehannels through which blood may flow. The proeess 
of the aortie disseetion produces eonsiderable pain for 
the patient and is usually of rapid onset. Typieally the 
pain is felt between the shoulder blades and radiating 
into the baek, and although the pain is not from the 
baek musculature or the vertebral eolomn, careful 
eonsideration of structures other than the baek should 
always be sought. 

The differenee in the blood pressure between the two 
arms indieates the level at which the disseetion has 
begun. The "point of entry" is proximal to the left 
subclavian artery. At this level a small flap has been 
ereated, which limits the blood flow to the left upper 
limb, giving the low blood pressure reeording. The 
braehioeephalie trunk has not been affeeted by the aortie 
disseetion, and henee blood flow remains appropriate to 
the right upper limb. 


The paraplegia was caused by isehemia to the 
spinal eord. 

The blood supply to the spinal eord is from a single 
anterior spinal artery and two posterior spinal arteries. 
These arteries arefed via segmental spinal arteries at 
every vertebral level. There are a number of reinforeing 
arteries (segmental medullary arteries) along the length 
of the spinal eord—the largest of which is the artery of 
Adamkiewicz. This artery of Adamkiewicz, a segmental 
medullary artery, typieally arises from the lower thoraeie 
or upper lumbar region, and unfortunately during this 
patient's aortie disseetion, the origin of this vessel was 
disrupted. This produces acute spinal eord isehemia 
and has produced the paraplegia in the patient. 

Unfortunately, the disseetion extended, the aorta 
ruptured 7 and the patient succumbed. 


Case 5 

SACRAL TIIMOR 

A 55-year-old woman eame to her physieian with 
sensory alteration in the right gluteal (buttock) region 
and in the intergluteal (natal) deft. Examination also 
demonstrated low-grade weakness of the musdes of 
the foot and subtle weakness of the extensor hallucis 
longus, extensor digitorum longus, and fibularis 
tertius on the right. The patient also eomplained of 
some mild pain symptoms posteriorly in the right 
gluteal region. 

A lesion was postulated in the left sacrum. 

Pain in the right saero-iliae region could easily be 
attributed to the saero-iliae joint, which is often very 
sensitive to pain. The weakness of the intrinsie muscles 
of the foot and the extensor hallucis longus 7 extensor 
digitomm longus 7 and fibularis tertius muscles raises the 
possibility of an abnormality affeeting the nerves exiting 
the sacrum and possiblythe lumbosacral junction. The 
altered sensation around the gluteal region toward the 
anus would also support these anatomieal 
loealizing features. 

An X-ray was obtained of the pelvis. 

The X-ray appeared on first inspeetion unremarkable. 
However, the patient underwent further investigation, 


including CT and MRI, which demonstrated a large 
destructive lesion involving the whole of the left sacrum 
extending into the anterior saeral foramina at the S1, 

S2, and S3 levels. Interestingly, plain radiographs of the 
sacrum may often appear normal on first inspeetion, 
and further imaging should always be sought in patients 
with a suspected saeral abnormality. 

The lesion was expansile and lytie. 

Most bony metastases are typieally nonexpansile. They 
may well erode the bone, producing lytie type of lesions, 
or may beeome very selerotie (prostate metastases and 
breast metastases). From time to time we see a mixed 
pattern of lytie and selerotie. 

There are a number of uncommon instanees in which 
eertain metastases are expansile and lytie. These typieally 
occur in renal metastases and may be seen in multiple 
myeloma. The anatomieal importanee of these speeifie 
tumors is that they often expand and impinge upon 
other structures. The expansile nature of this patient's 
tumor within the sacrum was the cause for eompression 
of the saeral nerve roots, producing her symptoms. 

The patient underwent a course of radiotherapy, had the 
renal tumor excised, and is currently undergoing a course 
of chemoimmunotherapy. 
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Conceptual overview 

GENERAL DESCRIPTION 


The thorax is an irregularly shaped eylinder with a narrow 
opening (superior thoraeie aperture) superiorly and a rela- 
tively large opening (inferior thoraeie aperture) inferiorly 
(Fig. 3.1). The superior thoraeie aperture is open, allowing 
continuity with the neek; the inferior thoraeie aperture is 
elosed by the diaphragm. 

The musculoskeletal wall of the thorax is flexible and 
eonsists of segmentally arranged vertebrae, ribs, and 
muscles and the sternum. 


The thoraeie eavity enelosed by the thoraeie wall 
and the diaphragm is subdivided into three major 
eompartments: 

a left and a right pleural eavity, eaeh surrounding a 

lung, and 

the mediastinum. 
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Fig.3.1 Thoraeie wall and eavity. 
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The mediastinum is a thiek, flexible soft tissue partition 
oriented longitudinally in a median sagittal position. It 
eontains the heart, esophagus, traehea, major nerves, and 
major systemie blood vessels. 

The pleural eavities are eompletely separated from eaeh 
other by the mediastinum. Therefore, abnormal events in 
one pleural eavity do not neeessarily affeet the other eavity. 
This also means that the mediastinum ean be entered sur- 
gieally without opening the pleural eavities. 

Another important feature of the pleural eavities is that 
they extend above the level of rib I. The apex of eaeh lung 
actually extends into the root of the neek. As a eonse- 
quence, abnormaleventsin the root of the neek ean involve 
the adjaeent pleura and lung, and events in the adjaeent 
pleura and lung ean involve the root of the neek. 

FUNCTIONS 

Breathing 

One of the most important functions of the thorax is 
breathing. The thorax not only eontains the lungs but also 
provides the maehinery neeessary—the diaphragm, tho- 
raeie wall, and ribs—for effeetively moving air into and out 
of the lungs. 

Up and down movements of the diaphragm and 
ehanges in the lateral and anterior dimensions of the 
thoraeie wall, caused by movements of the ribs, alter 
the volume of the thoraeie eavity and are key elements 
in breathing. 

Proteetion of vital organs 

The thorax houses and proteets the heart, lungs, and great 
vessels. Because of the domed shape of the diaphragm, the 
thoraeie wall also offers proteetion to some important 
abdominal viseera. 

Much of the liver lies under the right dome of the dia- 
phragm, and the stomaeh and spleen lie under the left. The 
posterior aspeets of the superior poles of the kidneys lie on 
the diaphragm and are anterior to rib XII, on the right, and 
to ribs XI and XII, on the left. 


Conduit 

The mediastimim aets as a conduit for structures that pass 
eompletely through the thorax from one body region to 
another and for structures that eonneet organs in the 
thorax to other body regions. 

The esophagus, vagus nerves, and thoraeie duct pass 
through the mediastinum as they course between the 
abdomen and neek. 

The phrenie nerves, which originate in the neek, also 
pass through the mediastinum to penetrate and supply the 
diaphragm. 

Other structures such as the traehea, thoraeie 
aorta, and superior vena eava course within the mediasti- 
num en route to and from major viseeral organs in the 
thorax. 

COMPONENT PARTS 
Thoraeie wall 

The thoraeie wall eonsists of skeletal elements and 
imiseles (Fig. 3.1): 

Posteriorly, it is made up of twelve thoraeie vertebrae 
and their intervening intervertebral dises; 

Laterally, the wall is formed by ribs (twelve on eaeh side) 
and three layers of flat muscles, which span the inter- 
eostal spaees between adjaeent ribs, move the ribs, and 
provide support for the intereostal spaees; 

Anteriorly, the wall is made up of the sternum, which 
eonsists of the manubrium of sternum, body of sternum, 
and xiphoid proeess. 

The manubrium of sternum, angled posteriorly on the 
body of sternum at the manubriosternal joint, forms the 
sternal angle, which is a major surface landmark used by 
elinieians in performing physieal examinations of the 
thorax. 

The anterior (distal) end of eaeh rib is eomposed of 
eostal eartilage, which contributes to the mobility and elas- 
tieitv of the wall. 
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All ribs articulate with thoraeie vertebrae posteriorly. 
Most ribs (from rib II to IX) have three articulations with 
the vertebral column. The head of eaeh rib articulates 
with the body of its own vertebra and with the body of the 
vertebra above (Fig. 3.2). As these ribs curve posteriorly, 
eaeh also articulates with the transverse proeess of its 
vertebra. 

Anteriorly, the eostal eartilages of ribs I to VII articulate 
with the sternum. 

The eostal eartilages of ribs VIII to X articulate with the 
inferior margins of the eostal eartilages above them. Ribs 


XI and XII are ealled floating ribs because they do not artie- 
ulate with other ribs, eostal eartilages, or the sternum. 
Their eostal eartilages are small, only eovering their tips. 

The skeletal framework of the thoraeie wall provides 
extensive attaehment sites for muscles of the neek, 
abdomen, baek, and upper limbs. 

A number of these muscles attaeh to ribs and function 
as aeeessory respiratory muscles; some of them also stabi- 
lize the position of the fìrst and last ribs. 




proeess 


Superior eostal faeet 



Gostal eartílage 


Fig. 3.2 Joints between ribs and vertebrae. 
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Superior thoraeie aperture 

Completely surrounded by skeletal elements, the superior 
thoraeie aperture eonsists of the body of vertebra TI pos- 
teriorly, the medial margin of rib I on eaeh side, and the 
manubrium anteriorly. 

The superior margin of the manubrium is in approxi- 
mately the same horizontal plane as the intervertebral dise 
between vertebrae TII and TIII. 

The fìrst ribs slope inferiorly from their posterior articu- 
lation with vertebra TI to their anterior attaehment to 
the manubrium. Consequently, the plane of the superior 
thoraeie aperture is at an oblique angle, faeing somewhat 
anteriorly. 

At the superior thoraeie aperture, the superior aspeets 
of the pleural eavities, which surround the lungs, lie on 
either side of the entranee to the mediastinum (Fig. 3.3). 

Structures that pass between the upper limb and thorax 
pass over rib I and the superior part of the pleural eavity 
as they enter and leave the mediastinum. Structures that 
pass between the neek and head and the thorax pass more 
vertieally through the superior thoraeie aperture. 


Inferior thoraeie aperture 

The inferior thoraeie aperture is large and expandable. 
Bone, eartilage, and ligaments formits margin (Fig. 3.4A). 

The inferior thoraeie aperture is elosed by the dia- 
phragm, and structures passing between the abdomen and 
thorax pieree or pass posteriorly to the diaphragm. 

Skeletal elements of the inferior thoraeie aperture are: 

the body of vertebra TXII posteriorly, 
rib XII and the distal end of rib XI posterolaterally, 
the distal cartilaginous ends of ribs VII to X, which unite 
to form the eostal margin anterolaterally, and 
■ the xiphoid proeess anteriorly. 

The joint between the eostal margin and sternum lies 
roughly in the same horizontal plane as the intervertebral 
dise between vertebrae TIX and TX. In other words, the 
posterior margin of the inferior thoraeie aperture is infe- 
rior to the anterior margin. 

When viewed anteriorly, the inferior thoraeie aperture 
is tilted superiorly. 
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Fig. 3.3 Superior thoraeie aperture. 
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Fig. 3.4 A. Inferior thoraeie aperture. B. Diaphragm. 


Diaphragm 

The musculotendinous diaphragm seals the inferior tho- 
raeie aperture (Fig. 3.4B). 

Generally, muscle fibers of the diaphragm arise radially, 
from the margins of the inferior thoraeie aperture, and 
eonverge into a large eentral tendon. 

Because of the oblique angle of the inferior thoraeie 
aperture, the posterior attaehment of the diaphragm is 
inferior to the anterior attaehment. 


The diaphragm is not flat; rather, it “balloons” superi- 
orly, on both the right and left sides, to form domes. The 
right dome is higher than the left, reaehing as far as rib V. 

As the diaphragm eontraets, the height of the domes 
deereases and the volume of the thorax inereases. 

The esophagus and inferior venaeavapenetrate the dia- 
phragm; the aorta passes posterior to the diaphragm. 
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Mediastinum 

The niediastinimi is a thiek midline partition that extends 
from the sternum anteriorly to the thoraeie vertebrae pos- 
teriorly, and from the superior thoraeie aperture to the infe- 
rior thoraeie aperture. 

A horizontal plane passing through the sternal angle 
and the intervertebral dise between vertebrae TIV and TV 
separates the mediastinum into superior and inferior parts 
(Fig. 3.5). The inferior part is further subdivided by the 
pericardium, which eneloses the perieardial eavity sur- 
rounding the heart. The pericardium and heart constitute 
the middle mediastinum. 

The anterior mediastinum lies between the sternum and 
the perieardhim; the posterior mediastinum lies between 
the pericardium and thoraeie vertebrae. 

Pleural eavities 

The two pleural eavities are situated on either side of the 
mediastinum (Fig. 3.6). 


Eaeh pleural eavity is eompletely lined by a mesothe- 
lial membrane ealled the pleura. 

During development, the lungs grow out of the medias- 
tinum, beeoming surrounded by the pleural eavities. As a 
result, the outer surface of eaeh organ is eovered by pleura. 

Eaeh lung remains attaehed to the mediastinum by a 
root formed by the airway, pulmonary blood vessels, lym- 
phatie tissues, and nerves. 

The pleura lining the walls of the eavity is the parietal 
pleura, whereas that refleeted from the mediastinum at the 
roots and onto the surfaces of the lungs is the viseeral 
pleura. Only a potential spaee normally exists between the 
viseeral pleura eovering lung and the parietal pleura lining 
the wall of the thoraeie eavity. 

The lung does not eompletely fill the potential spaee of 
the pleural eavity, resulting in reeesses, which do not 
eontain lung and are important for aeeommodating 
ehanges in lung volume during breathing. The eostodia- 
phragmatie reeess, which is the largest and elinieally most 
important reeess, lies inferiorly between the thoraeie wall 
and diaphragm. 
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Fig. 3.5 Subdivisions of the mediastinum. 
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Fig. 3.6 Pleural eavities. 
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RELATIONSHIP TO OTHER REGIONS 
Neek 

The superior thoraeie aperture opens direetly into the root 
of the neek (Fig. 3.7). 

The superior aspeet of eaeh pleural eavity extends 
approximately 2-3 em above rib I and the eostal eartilage 
into the neek. Between these pleural extensions, major vis- 
eeral structures pass between the neek and superior medi- 
astinum. In the midline, the traehea lies immediately 
anterior to the esophagus. Major blood vessels and nerves 
pass in and out of the thorax at the superior thoraeie aper- 
ture anteriorly and laterally to these structures. 


Upper limb 

An axillary inlet, or gateway to the upper limb, lies on 
eaeh side of the superior thoraeie aperture. These two axil- 
lary inlets and the superior thoraeie aperture communi- 
eate superiorly with the root of the neek (Fig. 3.7). 

Eaeh axillary inlet is formed by: 

the superior margin of the scapula posteriorly, 

the elaviele anteriorly, and 

the lateral margin of rib I medially. 

The apex of eaeh triangular inlet is direeted laterally 
and is formed by the medial margin of the eoraeoid proeess, 
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which extends anteriorly from the superior margin of the 
scapula. 

The base of the axillary inlet’s triangular opening is the 
lateral margin of rib I. 

Large blood vessels passing between the axillary inlet 
and superior thoraeie aperture do so by passing over rib I. 

Proximal parts of the braehial plexus also pass 
between the neek and upper limb by passing through the 

axillarv inlet. 


Abdomen 

The diaphragm separates the thorax from the abdomen. 
Structures that pass between the thorax and abdomen 
either penetrate the diaphragm or pass posteriorly to it 

(Fig. 3.8): 

The inferior vena eava pierees the eentral tendon of 
the diaphragm to enter the right side of the mediasti- 
num near vertebral level TVIII. 

The esophagus penetrates the muscular part of the 
diaphragm to leave the mediastinum and enter the 
abdomen just to the left of the midline at vertebral 
level TX. 
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Fig. 3.7 Superior thoraeie aperture and axillary inlet. 


Fig. 3.8 Major structures passing between abdomen and thorax. 
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The aorta passes posteriorly to the diaphragm at the 
midline at vertebral level TXII. 

Numerous other structures that pass between the 
thorax and abdomen pass through or posterior to the 
diaphragm. 

Breast 

The breasts, eonsisting of seeretory glands, superficial 
faseia, and overlying skin, are in the peetoral region on 
eaeh side of the anterior thoraeie wall (Fig. 3.9). 

Vessels, lymphaties, and nerves assoeiated with the 
breast are as follows: 

Branehes from the internal thoraeie arteries and veins 
perforate the anterior ehest wall on eaeh side of the 


sternmn to supply anterior aspeets of the thoraeie wall. 
Those branehes assoeiated mainly with the seeond to 
fourth intereostal spaees also supply the anteromedial 
parts of eaeh breast. 

Lymphatie vessels from the medial part of the breast 
aeeompany the perforating arteries and drain into 
the parasternal nodes on the deep surface of the tho- 
raeie wall. 

Vessels and lymphaties assoeiated with lateral parts of 
the breast emerge from or drain into the axillary region 
of the upper limb. 

Lateral and anterior branehes of the fourth to sixth 
intereostal nerves earry general sensation from the skin 
of the breast. 
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Fig. 3.9 Right breast. 
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KEYFEATURES 
Vertebral level TIV/V 

When working with patients, physieians use vertebral 
levels to determine the position of important anatomieal 
structures within body regions. 

The horizontal plane passing through the dise that 
separates thoraeie vertebrae TIV and TV is one of the most 
signifieant planes in the body (Fig. 3.10) because it: 

passes through the sternal angle anteriorly, marking 
the position of the anterior articulation of the eostal 
eartilage of rib II with the sternum. The sternal angle 
is used to find the position of rib II as a referenee for 
counting ribs (because of the overlying elaviele, rib I is 
not palpable); 

separates the superior mediastinum from the inferior 
mediastinum and marks the position of the superior 
limit of the pericardium; 

marks where the areh of the aorta begins and ends; 
passes through the site where the superior vena eava 
penetrates the pericardium to enter the heart; 
is the level at which the traehea bifurcates into right and 
left main bronehi; and 

marks the superior limit of the pulmonary trunk. 


Venous shunts from left to right 

The right atriiim is the ehamber of the heart that reeeives 
deoxygenated blood returning from the body. It lies on 
the right side of the midline, and the two major veins, 
the superior and inferior venae eavae, that drain into it are 
also loeated on the right side of the body. This means that, 
to get to the right side of the body, all blood eoming from 
the left side has to eross the midline. This left-to-right 
shunting is earried out by a number of important and, in 
some eases, very large veins, several of which are in the 
thorax (Fig. 3.11). 

In adults, the left braehioeephalie vein erosses the 
midline immediately posterior to the manubrium and 
delivers blood from the left side of the head and neek, the 
left upper limb, and part of the left thoraeie wall into the 
superior vena eava. 

The hemiazygos and aeeessory hemiazygos veins drain 
posterior and lateral parts of the left thoraeie wall, pass 
immediately anterior to the bodies of thoraeie vertebrae, 
and flow into the azygos vein on the right side, which ulti- 
mately eonneets with the superior vena eava. 
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Fig. 3.10 Vertebral level TIV/V. 
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Fig. 3.11 Left-to-right venous shunts. 
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Segmental neurovascular supply 
of thoraeie wall 

The arrangement of vessels and nerves that supply the 
thoraeie wall refleets the segmental organization of the 
wall. Arteries to the wall arise from two sources: 

the thoraeie aorta, which is in the posterior mediasti- 
num, and 


a pair of vessels, the internal thoraeie arteries, which 
run along the deep aspeet of the anterior thoraeie wall 
on either side of the sternum. 

Posterior and anterior intereostal vessels braneh seg- 
mentally from these arteries and pass laterally around 
the wall, mainly along the inferior margin of eaeh rib 
(Fig. 3.12A). Running with these vessels are intereostal 
nerves (the anterior rami of thoraeie spinal nerves), which 
innervate the wall, related parietal pleura, and assoeiated 
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Fig. 3.12 A. Segmental neurovascular supply of thoraeie wall. 
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Fig. 3.12, eont'd B. Anterior view of thoraeie dermatomes assoeiated with thoraeie spinal nerves. C. Lateral view of dermatomes assoeiated 
with thoraeie spinal nerves. 


skin. The position of these nerves and vessels relative to the 
ribs must be eonsidered when passing objeets, such as 
ehest tubes, through the thoraeie wall. 

Dermatomes of the thorax generally refleet the segmen- 
tal organization of the thoraeie spinal nerves (Fig. 3.12B). 
The exception occurs, anteriorly and superiorly, with the 
fìrst thoraeie dermatome, which is loeated mostly in the 
upper limb, and not on the trunk. 


The anterosuperior region of the trunk reeeives 
branehes from the anterior ramus of C4 via supraclavicu- 
lar branehes of the eervieal plexus. 

The highest thoraeie dermatome on the anterior 
ehest wall is T2, which also extends into the upper limb. 
In the midline, skin over the xiphoid proeess is innervated 
by T6. 

Dermatomes ofT7toT12 follow the contour of the ribs 
onto the anterior abdominal wall (Fig. 3.12C). 
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Sympathetie system 

All preganglionie nerve fibers of the sympathetie system 
are earried out of the spinal eord in spinal nerves T1 to L2 
(Fig. 3.13). This means that sympathetie fibers found any- 
where in the body ultimately emerge from the spinal eord 
as eomponents of these spinal nerves. Preganglionie sym- 
pathetie fibers destined for the head are earried out of the 
spinal eord in spinal nerve Tl. 

Flexible wall and inferior thoraeie aperture 

The thoraeie wall is expandable because most ribs articu- 
late with other eomponents of the wall by true joints that 


allowmovement, and because of the shape and orientation 
of the ribs (Fig. 3.14). 

A rib’s posterior attaehment is superior to its anterior 
attaehment. Therefore, when a rib is elevated, it moves the 
anterior thoraeie wall forward relative to the posterior wall, 
which is fixed. In addition, the middle part of eaeh rib is 
inferior to its two ends, so that when this region of the rib 
is elevated, it expands the thoraeie wall laterally. Finally, 
because the diaphragm is muscular, it ehanges the volume 
of the thorax in the vertieal direetion. 

Changes in the anterior, lateral, and vertieal dimensions 
of the thoraeie eavity are important for breathing. 
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Fig. 3.13 Sympathetie trunks. 
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Elevation of lateral aspeet 
of ribs in inspiration 


Sternum moves forward 
in inspiration because of 



Fig. 3.14 Flexible thoraeie wall and inferior thoraeie aperture. 
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Innervation of the diaphragm 

The diaphragm is innervated by two phrenie nerves that 
originate, one on eaeh side, as branehes of the eervieal 
plexusin the neek (Fig. 3.15). They arise from the anterior 
rami of eervieal nerves C3, C4, and C5, with the major 
contribution eoming from C4. 

The phrenie nerves pass vertieally through the neek, 
the superior thoraeie aperture, and the mediastinum 
to supply motor innervation to the entire diaphragm, 
including the emra (muscular extensions that attaeh the 


diaphragm to the upper lumbar vertebrae). In the medias- 
tinum, the phrenie nerves pass anteriorly to the roots of 
the hrngs. 

The tissues that initially give rise to the diaphragm are 
in an anterior position on the embryologieal dise before the 
head fold develops, which explains the eervieal origin of 
the nerves that innervate the diaphragm. In other words, 
the tissue that gives rise to the diaphragm originates supe- 
rior to the ultimate loeation of the diaphragm. 

Spinal eord injuries below the level of the origin of the 
phrenie nerve do not affeet movement of the diaphragm. 
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Fig. 3.15 Innervation of the diaphragm. 
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Regional anatomy 


The eylindrieal thorax eonsists of: 
a wall, 

two pleural eavities, 
the lungs, and 
the mediastinum. 

The thorax houses the heart and lungs, aets as a conduit 
for structures passing between the neek and the abdomen, 
and plays a prineipal role in breathing. In addition, the 
thoraeie wall proteets the heart and lungs and provides 
support for the upper limbs. Muscles anehored to the ante- 
rior thoraeie wallprovide some of this support, and together 
with their assoeiated eonneetive tissues, nerves, and 
vessels, and the overlying skin and superficial faseia, define 
the peetoral region. 

PEdORAL REGION 

The peetoral region is external to the anterior thoraeie wall 
and anehors the upper limb to the trunk. It eonsists of: 

a superficial eompartment eontaining skin, superficial 
faseia, and breasts; and 

a deep eompartment eontaining muscles and assoeiated 
structures. 

Nerves, vessels, and lymphaties in the superficial eom- 
partment emerge from the thoraeie wall, the axilla, and 
the neek. 

Breast 

The breasts eonsist of mammary glands and assoeiated 
skin and eonneetive tissues. The mammary glands 
are modified sweat glands in the superficial faseia anterior 
to the peetoral muscles and the anterior thoraeie wall 

(Fig. 3.16). 

The mammary glands eonsist of a series of ducts and 
assoeiated seeretory lobules. These eonverge to form 15 to 
20 laetiferoiis ducts, which open independently onto the 
nipple. The nipple is surrounded by a circular pigmented 
area of skin termed the areola. 

A well-developed, eonneetive tissue stroma surrounds 
the ducts and lobules of the mammary gland. In eertain 
regions, this eondenses to formwell-definedligaments, the 
suspensory ligaments of breast, which are continuous 
with the dermis of the skin and support the breast. 


Carcinoma of the breast ereates tension on these liga- 
ments, causing pitting of the skin. 

In nonlaetating women, the predominant eomponent 
of the breasts is fat, while glandular tissue is more abun- 
dant in laetating women. 

The breast lies on deep faseia related to the peetoralis 
major muscle and other surrounding muscles. A layer of 
loose eonneetive tissue (the retromammary spaee) sepa- 
rates the breast from the deep faseia and provides some 
degree of movement over underlying structures. 

The base, or attaehed surface, of eaeh breast extends 
vertieally from ribs II to VI, and transversely from the 
stermim to as far laterally as the midaxillary line. 

Arterial supply 

The breast is related to the thoraeie wall and to structures 
assoeiated with the upper limb; therefore, vascular supply 
and drainage ean occur by multiple routes (Fig. 3.16): 

laterally, vessels from the axillary artery—superior tho- 
raeie, thoraeo-aeromial, lateral thoraeie, and subscapu- 
lar arteries; 

medially, branehes from the internal thoraeie artery; 
the seeond to fourth intereostal arteries via branehes 
that perforate the thoraeie wall and overlying muscle. 

Venous drainage 

Veins draining the breast parallel the arteries and ulti- 
mately drain into the axillary, internal thoraeie, and inter- 
eostal veins. 

Innervation 

Innervation of thebreast is via anterior and lateral cutane- 
ous branehes of the seeond to sixth intereostal nerves. The 
nipple is innervated by the fourth intereostal nerve. 

Lymphatie drainage 

Lymphatie drainage of the breast is as follows: 

Approximately 75% is via lymphatie vessels that drain 
laterally and superiorly into axillary nodes (Fig. 3.16). 
Most of the remaining drainage is into parasternal 
nodes deep to the anterior thoraeie wall and assoeiated 
with the internal thoraeie artery. 

Some drainage may occur via lymphatie vessels that 
follow the lateral branehes of posterior intereostal arter- 
ies and eonneet with intereostal nodes situated near the 
heads and neeks of ribs. 
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Fig. 3.16 Breasts. 
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Axillary nodes drain into the subclavian trunks, para- 
sternal nodes drain into the bronehomediastinal trnnks, 
and intereostal nodes drain either into the thoraeie duct or 
into the bronehomediastinal trnnks. 


Breast in men 

The breast in men is mdimentary and eonsists only of 
small ducts, often eomposed of eords of eells, that normally 
do not extend beyond the areola. Breast eaneer ean occur 
in men. 


In the elinie 

Axillary tail of breast 

It is important for elinieians to remember when 
evaluating the breast for pathology that the upper 
lateral region of the breast ean projeet around the 
lateral margin of the peetoralis major muscle and into 
the axilla. This axillary proeess (axillary tail) may 
perforate deep faseia and extend as far superiorly as the 
apex of the axilla. 


In the elinie 

Breast eaneer 

Breast eaneer is one of the most eommon malignaneies in 
women. It develops in the eells of the aeini, lactiferous 
ducts, and lobules of the breast. Tumorgrowth and 
spread depends on the exact cellular site of origin of the 
eaneer. These faetors affeet the response to surgery, 
ehemotherapy, and radiotherapy. Breast tumors spread 
via the lymphaties and veins, or by direet invasion. 

When a patient has a lump in the breast, a diagnosis of 
breast eaneer is eonfirmed by a biopsy and histologieal 
evaluation. Onee eonfirmed, the elinieian must attempt to 
stage the tumor. 

Staging the tumor means defining the: 

■ size of the primary tumor, 

■ exact site of the primary tumor, 

■ number and sites of lymph node spread, and 

■ organs to which the tumor may have spread. 

Computed tomography (CT) seanning of the body may 
be earried out to look for any spread to the lungs 
(pulmonary metastases), liver (hepatie metastases), or 
bone (bony metastases). 

Further imaging may include bone seanning using 
radioaetive isotopes, which are avidly taken up by the 
tumor metastases in bone. 


Lymph drainage of the breast is complex. Lymph 
vessels pass to axillary, supraclavicular, and parasternal 
nodes and may even pass to abdominal lymph nodes, as 
well as to the opposite breast. Containment of nodal 
metastatie breast eaneer is therefore potentially difficult 
because it ean spread through many lymph node groups. 

Subcutaneous lymphatie obstruction and tumor 
growth pull on eonneetive tissue ligaments in the breast, 
resulting in the appearanee of an orange peel texture 
(peau d'orange) on the surface of the breast. Further 
subcutaneous spread ean induce a rare manifestation of 
breast eaneer that produces a hard, woody texture to the 
skin (eaneer en cuirasse). 

A masteetomy (surgical removal of the breast) involves 
excision of the breast tissue to the peetoralis major muscle 
and faseia. Within the axilla the breast tissue must be 
removed from the medial axillary wall. Oosely applied to 
the medial axillary wall is the long thoraeie nerve. Damage 
to this nerve ean result in paralysis of the serratus anterior 
mosele, producing a eharaeteristie "winged" scapula. It is 
also possible to damage the nerve to the latissimus dorsi 
muscle, and this may affeet extension, medial rotation, 
and adduction of the humerus. 
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Musdes of the peetoral region 

Eaeh peetoral region eontains the peetoralis major, peeto- 
ralis minor, and subclavius muscles (Fig. 3.17 and Pable 
3.1). All originate from the anterior thoraeie wall and 
insert into bones of the upper limb. 


Peetoralis major 

The peetoralis major muscle is the largest and most 
superfìcial of the peetoral region muscles. It direetly under- 
lies the breast and is separated from it by deep faseia and 
the loose eonneetive tissue of the retromammary spaee. 
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Fig. 3.17 Muscles and faseia of the peetoral region. 


Table 3.1 Muscles of the peetoral region 



Musde 

Origin 

Insertion 

Innervation 

Function 


Peetoralis major 

Medial half of elaviele and 
anterior surface of sternum, 
first seven eostal eartilages, 
aponeurosis of external 
oblique 

Lateral lip of intertubercular 
sulcus of humerus 

Medial and lateral 
peetoral nerves 

Adduction, medial rotation, 
and flexion of the humerus at 
the shoulder joint 


Subclavius 

Rib 1 at junction between rib 
and eostal eartilage 

Groove on inferior surface 
of middle third of elaviele 

Nerve to subclavius 

Pulls elaviele medially to 
stabilize sternoclavicular joint; 
depresses tip of shoulder 
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Peetoralis minor 

Anterior surfaces of the third, 
fourth, and fifth ribs, and 
deep faseia overlying the 
related intereostal spaees 

Coracoid proeess of scapula 

Medial peetoral nerves 

Depresses tip of shoulder; 
protraets scapula 

























Regional anatomy • Thoraeie Wall 


3 


The peetoralis major has a broad origin that includes 
the anterior surfaces of the medial half of the elaviele, the 
stermim, and related eostal eartilages. The muscle fibers 
eonverge to form a flat tendon, which inserts into the 
lateral lip of the intertubercular sulcus of the humerus. 

The peetoralis major adducts, flexes, and medially 
rotates the arm. 

Subclavius and peetoralis minor musdes 

The subdavius and peetoralis minor muscles underlie 
the peetoralis major: 

■ The subclavius is small and passes laterally from the 
anterior and medial part of rib I to the inferior surface 
of the elaviele. 

■ The peetoralis minor passes from the anterior surfaces 
of ribs III to V to the eoraeoid proeess of the scapula. 

Both the subclavius and peetoralis minor pull the tip of 
the shoulder inferiorly. 

A continuous layer of deep faseia, the elavipeetoral 
faseia, eneloses the subclavius and peetoralis minor and 
attaehes to the elaviele above and to the floor of the axilla 
below. 

The muscles of the peetoral region form the anterior 
wall of the axilla, a region between the upper limb and the 
neek through which all major structures pass. Nerves, 
vessels, and lymphaties that pass between the peetoral 
region and the axilla pass through the elavipeetoral faseia 
between the subclavius and peetoralis minor or pass under 
the inferior margins of the peetoralis major and minor. 


THORACIC WALL 

. 

The thoraeie wall is segmental in design and eomposed of 
skeletal elements and muscles. It extends between: 

the superior thoraeie aperture, bordered by vertebra TI, 
rib I, and the manubrium of the sternum; and 
the inferior thoraeie aperture, bordered by vertebra 
TXII, rib XII, the end of rib XI, the eostal margin, and 
the xiphoid proeess of the sternum. 

Skeletal framework 

The skeletal elements of the thoraeie wall eonsist of 
the thoraeie vertebrae, intervertebral dises, ribs, and 
sternum. 

Thoraeie vertebrae 

There are twelve thoraeie vertebrae, eaeh of which is 
eharaeterized by articulations with ribs. 

Typieal thoraeie vertebra 

A typieal thoraeie vertebra has a heart-shaped vertebral 
body, with roughly equal dimensions in the transverse 
and anteroposterior direetions, and a long spinous proeess 
(Fig. 3.18). The vertebral foramen is generally circular 
and the laminae are broad and overlap with those of the 
vertebra below. The superior articular proeesses are 
flat, with their articular surfaces faeing almost direetly pos- 
teriorly, while the inferior articular proeesses projeet 
from the laminae and their articular faeets faee anteriorlv. 
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Fig. 3.18 Typieal thoraeie vertebra. 


Superolateral view 
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The transverse proeesses are club shaped and projeet 
posterolaterally. 

Artieiilation with ribs 

A typieal thoraeie vertebra has three sites on eaeh side for 
articulation with ribs. 

Two demifaeets (i.e., partial faeets) are loeated on the 
superior and inferior aspeets of the body for articulation 
with eorresponding sites on the heads of adjaeent ribs. 
The superior eostal faeet articulates with part of the 
head of its own rib, and the inferior eostal faeet artie- 
ulates with part of the head of the rib below. 

■ An oval faeet (transverse eostal faeet) at the end of 
the transverse proeess articulates with the tubercle of 
its own rib. 

Not all vertebrae articulate withribs in the same fashion 

(Fig. 3.19): 

The superior eostal faeets on the body of vertebraTI are 
eomplete and articulate with a single faeet on the head 
of its own rib—in other words, the head of rib I does not 
articulate with vertebra CVII. 

Similarly, vertebra TX (and often TIX) articulates only 
with its own ribs and therefore laeks inferior demifaeets 
on the body. 

Vertebrae TXI and TXII articulate only with the heads 
of their own ribs—they laek transverse eostal faeets and 
have only a single eomplete faeet on eaeh side of their 
bodies. 

Ribs 

There are twelve pairs of ribs, eaeh terminating anteriorly 
in a eostal eartilage (Fig. 3.20). 

Although all ribs articulate with the vertebral column, 
only the eostal eartilages of the upper seven ribs, known 
as true ribs, articulate direetly with the sternum. The 
remaining five pairs of ribs are false ribs: 

The eostal eartilages of ribs VIII to X articulate anteri- 
orly with the eostal eartilages of the ribs above. 

Ribs XI and XII have no anterior eonneetion with 
other ribs or with the sternum and are often ealled 

floating ribs. 

A typieal rib eonsists of a curved shaft with anterior and 
posterior ends (Fig. 3.21). The anterior end is continuous 
with its eostal eartilage. The posterior end articulates with 
the vertebral column and is eharaeterized by a head, neek, 
and tubercle. 



Superior eostal faeet for head of rib I 



Single eomplete eostal faeet for head of rib X 



No eostal faeet on transverse proeess 


Fig. 3.19 Atypieal thoraeie vertebrae. 
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True ribs I—VII 
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Fig. 3.20 Ribs. 
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Fig. 3.21 A typieal rib. A. Anterior view. B. Posterior view of 
proximal end of rib. 
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Thehead is somewhat expanded and typieally presents 
two articular surfaces separated by a erest. The smaller 
superior surface articulates with the inferior eostal faeet on 
the body of the vertebra above, whereas the larger inferior 
faeet articulates with the superior eostal faeet of its own 
vertebra. 

The neek is a short flat region of bone that separates 
the head from the tubercle. 

The tubercle projeets posteriorly from the junction of 
the neek with the shaft and eonsists of two regions, an 
articular part and a nonarticular part: 

The articular part is medial and has an oval faeet for 
articulation with a eorresponding faeet on the trans- 
verse proeess of the assoeiated vertebra. 

■ The raised nonarticular part is roughened by ligament 
attaehments. 

The shaft is generally thin and flat with internal and 
external surfaces. 

The superior margin is smooth and rounded, whereas 
the inferior margin is sharp. The shaft bends forward just 
laterally to the tubercle at a site termed the angle. It also 
has a gentle twist around its longitudinal axis so that the 
external surface of the anterior part of the shaft faees 
somewhat superiorly relative to the posterior part. The 
inferior margin of the internal surface is marked by a 
distinet eostal groove. 

Distinet features of upper and lower ribs 

The upper andlower ribshavedistinet features (Fig. 3.22). 

Rib I 

Ribl is flat in the horizontal plane and has broad superior 
and inferior surfaces. From its articulation with vertebra 
TI, it slopes inferiorly to its attaehment to the manubrium 
of the sternum. The head articulates only with the body of 
vertebra TI and therefore has only one articular surface. 
Like other ribs, the tubercle has a faeet for articulation with 
the transverse proeess. The superior surface of the rib is 
eharaeterized by a distinet tubercle, the sealene tubercle, 
which separates two smooth grooves that eross the rib 
approximately midway along the shaft. The anterior groove 
is caused by the subclavian vein, and the posterior groove 
is caused by the subclavian artery. Anterior and posterior 
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Head Neek 



Costal 

eartilage 


Grooves 


Rib XII 



Fig. 3.22 Atypieal ribs. 


to these grooves, the shaft is roughened by imisele and liga- 
ment attaehments. 

Rib II 

Rib II, like rib I, is flat but twice as long. It articulates with 
the vertebral column in a way typieal of most ribs. 

Rib X 

The head of rib X has a single faeet for articulation with 
its own vertebra. 

Ribs XI and XII 

Ribs XI and XII articulate only with the bodies of their 
own vertebrae and have no tubercles or neeks. Both ribs 
are short, have little curve, and are pointed anteriorly. 
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Sternum 

The adiilt sternum eonsists of three major elements: the 
broad and superiorly positioned manubrium of the 
sternum, the narrow and longitudinally oriented body of 
the sternum, and the small and inferiorly positioned 
xiphoid proeess (Fig. 3.23). 

Manubrium o f the sternum 

The manubrium of the sternum forms part of the bony 
framework of the neek and the thorax. 

The superior surface of the manubrium is expanded 
laterally and bears a distinet and palpable noteh, the 
jugular noteh (suprasternal noteh), in the midline. 
On either side of this noteh is a large oval fossa for articula- 
tion with the elaviele. Immediately inferior to this fossa, on 
eaeh lateral surface of the manubrium, is a faeet for the 
attaehment of the fìrst eostal eartilage. At the lower end of 
the lateral border is a demifaeet for articulation with the 


upper half of the anterior end of the seeond eostal 
eartilage. 

Body of the sternum 

The body of the stermim is flat. 

The anterior surface of the body of the sternum is often 
marked by transverse ridges that represent lines of fusion 
between the segmental elements ealled sternebrae, from 
which this part of the sternum arises embryologieally. 

The lateral margins of the body of the sternum have 
articular faeets for eostal eartilages. Superiorly, eaeh lateral 
margin has a demifaeet for articulation with the inferior 
aspeet of the seeond eostal eartilage. Inferior to this demi- 
faeet are four faeets for articulation with the eostal earti- 
lages of ribs III to VI. 

At the inferior end of the body of the sternum is a demi- 
faeet for articulation with the upper demifaeet on the 
seventh eostal eartilage. The inferior end of the body of the 
stermim is attaehed to the xiphoid proeess. 


Articular site 
for elaviele 


Attaehment 
site for rib I 


demifaeets 
for rib II 




ribs tll-VI 


Articular 




Manubrium of 
sternum 



Sternal angle 
(manubriosternal 


Transverse 

ridges 


Body of 
sternum 


Fig. 3.23 Sternum. 
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Xiphoid proeess 

The xiphoid proeess is the smallest part of the sterniim. 
Its shape is variable: it may be wide, thin, pointed, bifid, 
curved, or perforated. It begins as a cartilaginous stme- 
ture, which beeomes ossified in the adult. On eaeh side of 
its upper lateralmargin is a demifaeet for articulation with 
the inferior end of the seventh eostal eartilage. 

Joints 

Costovertebral joints 

A typieal rib articulates with: 

■ the bodies of adjaeent vertebrae, forming a joint with 
the head of the rib; and 

the transverse proeess of its related vertebra, forming a 

eostotransverse joint (Fig. 3.24). 


Together, the eostovertebral joints and related ligaments 
allow the neeks of the ribs either to rotate around their 
longitudinal axes, which occurs mainly in the upper ribs, 
or to aseend and deseend relative to the vertebral column, 
which occurs mainly in the lower ribs. The eombined 
movements of all of the ribs on the vertebral eohimn are 
essential for altering the volume of the thoraeie eavity 
during breathing. 

Joint with head of rib 

The two faeets on the head of the rib articulate with the 
superior faeet on the body of its own vertebra and with the 
inferior faeet on the body of the vertebra above. This joint 
is divided into two synovial eompartments by an intra- 
articular ligament, which attaehes the erest to the adjaeent 
intervertebral dise and separates the two articular surfaces 
on the head of the rib. The two synovial eompartments and 
the intervening ligament are surrounded by a single joint 
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Fig. 3.24 Costovertebral joints. 












































Regional anatomy • Thoraeie Wall 


3 


capsule attaehed to the outer margins of the eombined 
articular surfaces of the head and vertebral column. 

Costotransverse joints 

Costotransverse joints are synovial joints between 
the tubercle of a rib and the transverse proeess of the 
related vertebra (Fig. 3.24). The capsule surrounding 
eaeh joint is thin. The joint is stabilized by two strong extra- 
capsular ligaments that span the spaee between the trans- 
verse proeess and the rib on the medial and lateral sides of 
the joint: 

The eostotransverse ligament is medial to the joint 
and attaehes the neek of the rib to the transverse 
proeess. 


The lateral eostotransverse ligament is lateral to the 
joint and attaehes the tip of the transverse proeess to the 
roughened nonarticular part of the tubercle of the rib. 

A third ligament, the superior eostotransverse liga- 
ment, attaehes the superior surface of the neek of the rib 
to the transverse proeess of the vertebra above. 

Slight gliding movements occur at the eostotransverse 
joints. 

Sternoeostal joints 

The sternoeostal joints are joints between the upper seven 
eostal eartilages and the stermim (Fig. 3.25). 

The joint between rib I and the manubrium is not 
synovial and eonsists of a fibrocartilaginous eonneetion 


Manijbriosternal joint 
(symphysis) 


Stemal artgle 



Synovial joint 


Fig.3.25 Sternoeostal joints. 
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between the manubrium and the eostal eartilage. The 
seeond to seventh joints are synovial and have thin eap- 
sules reinforeed by surrounding sternoeostal ligaments. 

The joint between the seeond eostal eartilage and the 
sternum is divided into two eompartments by an intra- 
articular ligament. This ligament attaehes the seeond 
eostal eartilage to the junction of the manubrium and the 
body of the sternum. 

interehondral joints 

interehondral joints occur between the eostal eartilages of 
adjaeent ribs (Fig. 3.25), mainly between the eostal earti- 
lages of ribs VII to X, but may also involve the eostal earti- 
lages of ribs V and VI. 

interehondral joints provide indireet anehorage to the 
sternum and contribute to the formation of a smooth infe- 
rior eostal margin. They are usually synovial, and the thin 
fibrous capsules are reinforeed by interehondral ligaments. 

Manubriosternal and xiphisternal joints 

The joints between the manubrium and the body of the 
sternmn and between the body of the sternmn and the 
xiphoid proeess are usually symphyses (Fig. 3.25). Only 
slight angular movements occur between the manubrium 
and the body of the stermim during respiration. The joint 
between the body of the sternum and the xiphoid proeess 
often beeomes ossified with age. 

A elinieally useful featme of the mamibriosternal joint 
is that it ean be palpated easily. This is because the manu- 
brirnn normally angles posteriorly on the body of the 
sternmn, forming a raised featme referred to as the sternal 
angle. This elevation marks the site of articulation of rib II 
with the sternum. Rib I is not palpable, because it lies infe- 
rior to the elaviele and is embedded in tissues at the base 
of the neek. Therefore, rib II is used as a referenee for 
counting ribs and ean be felt immediately lateral to the 
sternal angle. 

In addition, the sternal angle lies on a horizontal plane 
that passes through the intervertebral dise between verte- 
brae TIV and TV (see Fig. 3.10). This plane separates the 
superior mediastinum from the inferior mediastinum and 
marks the superior border of the pericardium. The plane 
also passes through the end of the aseending aorta and the 
beginning of the areh of the aorta, the end of the areh of 
the aorta and the beginning of the thoraeie aorta, and the 
bifmeation of the traehea, and just superior to the pulmo- 
nary trunk (see Fig. 3.79 and 3.86). 

intereostal spaees 

intereostal spaees lie between adjaeent ribs and are filled 
150 by intereostal imiseles (Fig. 3.26). 


intereostal nerves and assoeiated major arteries and 
veins lie in the eostal groove along the inferior margin of 
the superior rib and pass in the plane between the inner 
two layers of muscles. 

In eaeh spaee, the vein is the most superior structure 
and is therefore highest in the eostal groove. The artery 
is inferior to the vein, and the nerve is inferior to the 
artery and often not proteeted by the groove. Therefore, 
the nerve is the straetme most at risk when objeets 
perforate the upper aspeet of an intereostal spaee. 
Small eollateral branehes of the major intereostal nerves 
and vessels are often present superior to the inferior 
rib below. 

Deep to the intereostal spaees and ribs, and separating 
these structures from the underlying pleura, is a layer of 
loose eonneetive tissue, ealled endothoraeie faseia, 
which eontains variable amounts of fat. 

Superficial to the spaees are deep faseia, superficial 
faseia, and skin. Muscles assoeiated with the upper limbs 
and baek overlie the spaees. 


In the elinie 

Cervical ribs 

Cervical ribs are present in approximately 1% of the 
population. 

A eervieal rib is an aeeessory rib articulating with 
vertebra CVII; the anterior end attaehes to the superior 
border of the anterior aspeet of rib I. 

Plain radiographs may demonstrate eervieal ribs as 
small horn-like structures (see ig. 3.106). 

It is often not appreeiated by elinieians that a fibrous 
band eommonly extends from the anterior tip of the 
small eervieal ribs to rib I, producing a "eervieal band" 
that is not visualized on radiography. In patients with 
eervieal ribs and eervieal bands, structures that normally 
pass over rib I (see Fig. 3.7) are elevated by, and pass 
over, the eervieal rib and band. 

dinieally, "thoraeie outlet syndrome" is used to 
deseribe symptoms resulting from abnormal 
eompression of the braehial plexus of nerves as it passes 
over the fìrst rib and through the axillary inlet into the 
upper limb. The anterior ramus of T1 passes superiorly 
out of the superior thoraeie aperture to join and 
beeome part of the braehial plexus. The eervieal band 
from a eervieal rib is one cause of thoraeie outlet 
syndrome by putting upward stresses on the lower 
parts of the braehial plexus as they pass over the 
first rib. 


Regional anatomy • Thoraeie Wall 


3 
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Fig. 3.26 intereostal spaee. A. Anterolateral view. B. Details of an intereostal spaee and relationships. 
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Internal thoraeie artery 


Anterior cutaneous braneh 
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Fig. 3.26, eont’d intereostal spaee. C. Transverse seetion. 


In the elinie 

Collection of sternal bone marrovv 

The subcutaneous position of the sternum makes it 
possible to plaee a needle through the hard outer 
cortex into the internal (or medullary) eavity eontaining 
bone marrovv. Onee the needle is in this position, bone 
marrovv ean be aspirated. Evaluation of this material 
under the mieroseope helps elinieians diagnose eertain 
blood diseases such as leukemia. 


In the elinie 
Rib fractures 

Single rib fractures are of little consequence, though 
extremely painful. 

After severe trauma, ribs may be broken in two or 
more plaees. If enough ribs are broken, a loose segment 
of ehest wall, a flail segment (flail ehest), is produced. 
When the patient takes a deep inspiration, the flail 
segment moves in the opposite direetion tothe ehest 
wall, preventing full lung expansion and ereating a 
paradoxically moving segment. If a large enough 
segment of ehest wall is affeeted, ventilation may be 
impaired and assisted ventilation may be required until 
the ribs have healed. 


Musdes 

Muscles of the thoraeie wall include those that fill and 
support the intereostal spaees, those that pass between the 
sternum and the ribs, and those that eross several ribs 
between eostal attaehments (Table 3 . 2 ). 

The muscles of the thoraeie wall, together with 
muscles between the vertebrae and ribs posteriorly (i.e., 
the levatores costarum and serratus posterior supe- 
rior and serratus posterior inferior muscles) alter 
the position of the ribs and sternum and so ehange the 
thoraeie volume during breathing. They also reinforee the 
thoraeie wall. 

intereostal muscles 

The intereostal muscles are three flat muscles found 
in eaeh intereostal spaee that pass between adjaeent ribs 
(Fig. 3 . 27 ). Individual muscles in this group are named 
aeeording to their positions: 

■ The external intereostal muscles are the most 
superficial. 

The internal intereostal muscles are sandwiched 
between the external and innermost muscles. 

■ The innermost intereostal muscles are the deepest of the 
three muscles. 
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Table 3.2 Muscles of the thoraeie wall 


Musde 

Superior attaehment 

Inferior attaehment 

Innervation 

Function 

External intereostal 

Inferior margin of rib above 

Superior margin of rib below 

intereostal nerves; 
T1-T11 

Most aetive during 
inspiration; supports 
intereostal spaee; moves 
ribs superiorly 

Internal intereostal 

Lateral edge of eostal groove 
of rib above 

Superior margin of rib below 
deep to the attaehment of 
the related external 
intereostal 

intereostal nerves; 
T1-T11 

Most aetive during 
expiration; supports 
intereostal spaee; moves 
ribs inferiorly 

Innermost intereostal 

Medial edge of eostal groove 
of rib above 

Internal aspeet of superior 
margin of rib below 

intereostal nerves; 
T1-T11 

Aets with internal 
intereostal muscles 

Subcostales 

Internal surface (near angle) 
of lower ribs 

Internal surface of seeond or 
third rib below 

Related intereostal 

nerves 

May depress ribs 

Transversus thoraeis 

Inferior margins and internal 
surfaces of eostal eartilages of 

Inferior aspeet of deep 
surface of body of sternum, 

Related intereostal 

nerves 

Depresses eostal 
eartilages 


seeond to sixth ribs xiphoid proeess, and eostal 

eartilages of ribs IV—VII 



External intereostal membrane 
External intereostal muscle 


External intereostal muscle Intereostal nerve 


Internal intereostal muscle 


Innermost ìntereostal muscle 


Gollateral 


branehes 


Fig. 3.27 Intereostal muscles. 
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The intereostal muscles are innervated by the related 
intereostal nerves. As a group, the intereostal muscles 
provide structural support for the intereostal spaees during 
breathing. They ean also move the ribs. 

External intereostal muscles 

The eleven pairs of external intereostal muscles extend 
from the inferior margins (lateral edges of eostal grooves) 
of the ribs above to the superior margins of the ribs below. 
When the thoraeie wall is viewed from a lateral position, 
themusclefiberspassobliquely anteroinferiorly (Fig. 3.27). 
The muscles extend around the thoraeie wall from the 
regions of the tubercles of the ribs to the eostal eartilages, 
where eaeh layer continues as a thin eonneetive tissue 
aponeurosis termed the external intereostal mem- 
brane. The external intereostal muscles are most aetive in 
inspiration. 

Internal intereostal muscles 

The eleven pairs of internal intereostal muscles pass 
between the most inferior lateral edge of the eostal grooves 
of the ribs above, to the superior margins of the ribs below. 
They extend from parasternal regions, where the muscles 
course between adjaeent eostal eartilages, to the angle of 
the ribs posteriorly (Fig. 3.27). This layer continues medi- 
ally toward the vertebral column, in eaeh intereostal spaee, 
as the internal intereostal membrane. The muscle 
fibers pass in the opposite direetion to those of the external 
intereostal muscles. When the thoraeie wall is viewed from 
a lateral position, the imisele fibers pass obliquely postero- 
inferiorly. The internal intereostal muscles are most aetive 
during expiration. 

Innermost intereostal muscles 

The innermost intereostal muscles are the least distinet 
of the intereostal imiseles, and the fibers have the same 
orientation as the internal intereostals (Fig. 3.27). These 
muscles are most evident in the lateral thoraeie wall. They 
extend between the inner surfaces of adjaeent ribs from the 
medial edge of the eostal groove to the deep surface of the 
rib below. Importantly, the neurovascular bundles assoei- 
ated with the intereostal spaees pass around the thoraeie 
wall in the eostal grooves in a plane between the innermost 
and internal intereostal muscles. 




Fig. 3.28 A. Subcostal muscles. B. Transversus thoraeis muscles. 


Subcostales 

The subcostales are in the same plane as the innermost 
intereostals, spanmultipleribs, and are more numerous in 
lower regions of the posterior thoraeie wall (Fig. 3.28A). 
They extend from the internal surfaces of one rib to the 
internal surface of the seeond (next) or third rib below. 
154 Their fibers parallel the course of the internal intereostal 


muscles and extend from the angle of the ribs to more 
medial positions on the ribs below. 

Transversus thoraeis muscles 

The transversus thoraeis muscles are found on the 
deep surface of the anterior thoraeie wall (Fig. 3.28B) and 
in the same plane as the innermost intereostals. 
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The transversus thoraeis muscles originate from the 
posterior aspeet of the xiphoid proeess, the inferior part of 
the body of the sternmn, and the adjaeent eostal eartilages 
of the lower true ribs. They pass superiorly and laterally to 
insert into the lower borders of the eostal eartilages of ribs 
III to VI. They most likely pull these latter elements 
inferiorly. 

The transversus thoraeis muscles lie deep to the internal 
thoraeie vessels and secure these vessels to the wall. 

Arterial supply 

Vessels that supply the thoraeie wall eonsist mainly of 
posterior and anterior intereostal arteries, which pass 
around the wallbetween adjaeent ribs in intereostal spaees 


(Fig. 3.29). These arteries originate from the aorta and 
internal thoraeie arteries, which in turn arise from the 
subclavian arteries in the root of the neek. Together, the 
intereostal arteries form a basket-like pattern of vascular 
supply around the thoraeie wall. 

Posterior intereostal arteries 

Posterior intereostal arteries originate from vessels 
assoeiated with the posterior thoraeie wall. The upper two 
posterior intereostal arteries on eaeh side are derived from 
the supreme intereostal artery, which deseends into 
the thorax as a braneh of the eostoeervieal trunk in the 
neek. The eostoeervieal trunk is a posterior braneh of 
the subclavian artery (Fig. 3.29). 



Siipreme intereostal 
Costocervical trunk 
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Anterior intereostal artery 


Aorta 
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Internal thoraeie artery 
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intereostal artery 


Anterior perforating 
branehes 


Fig. 3.29 Arteries of the thoraeie wall. 
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The remaining nine pairs of posterior intereostal arter- 
ies arise from the posterior surface of the thoraeie aorta. 
Because the aorta is on the left side of the vertebral column, 
those posterior intereostal vessels passing to the right 
side of the thoraeie wall eross the midline anterior to the 
bodies of the vertebrae and therefore are longer than the 
eorresponding vessels on the left. 

In addition to having numerous branehes that 
supply various eomponents of the wall, the posterior inter- 
eostal arteries have branehes that aeeompany lateral cuta- 
neous branehes of the intereostal nerves to superficial 
regions. 

Anterior intereostal arteries 

The anterior intereostal arteries originate direetly or 
indireetly as lateral branehes from the internal thoraeie 
arteries (Fig. 3.29). 

Eaeh internal thoraeie artery arises as a major 
braneh of the subclavian artery in the neek. It passes ante- 
riorly over the eervieal dome of the pleura and deseends 
vertieally through the superior thoraeie aperture and 
along the deep aspeet of the anterior thoraeie wall. On 
eaeh side, the internal thoraeie artery lies posterior to the 
eostal eartilages of the upper six ribs and about 1 em lateral 
to the sternum. At approximately the level of the sixth 
intereostal spaee, it divides into two terminal branehes: 

the superior epigastrie artery, which continues infe- 
riorly into the anterior abdominal wall (Fig. 3.29); 
the musculophrenic artery, which passes along the 
eostal margin, goes through the diaphragm, and ends 
near the last intereostal spaee. 

Anterior intereostal arteries that supply the upper six 
intereostal spaees arise as lateral branehes from the 


internal thoraeie artery, whereas those supplying the lower 
spaees arise from the musculophrenic artery. 

In eaeh intereostal spaee, the anterior intereostal arter- 
ies usually have two branehes: 

One passes below the margin of the upper rib. 

The other passes above the margin of the lower rib and 

meets a eollateral braneh of the posterior intereostal 

artery. 

The distributions of the anterior and posterior intereos- 
tal vessels overlap and ean develop anastomotie eonnee- 
tions. The anterior intereostalarteries are generally smaller 
than the posterior vessels. 

In addition to anterior intereostal arteries and a number 
of other branehes, the internal thoraeie arteries give rise 
to perforating branehes that pass direetly forward between 
the eostal eartilages to supply structures external to the 
thoraeie wall. These vessels travel with the anterior cutane- 
ous branehes of the intereostal nerves. 

Venous drainage 

Venous drainage from the thoraeie wall generally parallels 
the pattern of arterial supply (Fig. 3.30). 

Centrally, the intereostal veins ultimately drain into 
the azygos system of veins or into internal thoraeie 
veins, which eonneet with the braehioeephalie veins in 
the neek. 

Often the upper posterior intereostal veins on the 
left side eome together and form the left superior 
intereostal vein, which empties into the left braehioee- 
phalie vein. 

Similarly, the upper posterior intereostal veins on the 
right side may eome together and form the right superior 

intereostal vein, which empties into the azygos vein. 
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Fig.3.30 Veins of the thoraeie wall. 
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Lymphatie drainage 

Lymphatie vessels of the thoraeie wall drain mainly into 
lymph nodes assoeiated with the internal thoraeie arteries 
(parasternal nodes), with the heads and neeks of ribs 
(intereostal nodes), and with the diaphragm (diaphrag- 
matie nodes) (Fig. 3.31). Diaphragmatie nodes are poste- 
rior to the xiphoid and at sites where the phrenie nerves 
penetrate the diaphragm. They also occur in regions where 
the diaphragm is attaehed to the vertebral column. 

Parasternal nodes drain into bronehomediastinal 
trnnks. intereostal nodes in the upper thorax also drain 
into bronehomediastinal tmnks, whereas intereostal nodes 
in the lower thorax drain into the thoraeie duct. 


Nodes assoeiated with the diaphragm intereonneet 
with parasternal, prevertebral, and juxta-esophageal 
nodes, braehioeephalie nodes (anterior to the braehio- 
eephalie veins in the superior mediastinum), and lateral 
aortic/lumbar nodes (in the abdomen). 

Superficial regions of the thoraeie wall drain mainly 
into axillary lymph nodes in the axilla or parasternal 
nodes. 

Innervation 

intereostal nerves 

Innervation of the thoraeie wall is mainly by the intereos- 
tal nerves, which are the anterior rami of spinal nerves 
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Fig. 3.31 Major lymphatie vessels and nodes of the thoraeie wall. 
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T1 toTll and lie in the intereostal spaees between adja- 
eent ribs. The anterior ramus of spinal nerve T12 (the sub- 
eostal nerve) is inferior to rib XII (Fig. 3.32). 

A typieal intereostal nerve passes laterally around the 
thoraeie wall in an intereostal spaee. The largest of the 
branehes is the lateral cutaneous braneh, which 
pierees the lateral thoraeie wall and divides into an ante- 
rior braneh and a posterior braneh that innervate the over- 
lying skin. 

The intereostal nerves end as anterior cutaneous 
branehes, which emerge either parasternally, between 
adjaeent eostal eartilages, or laterally to the midline, on the 
anterior abdominal wall, to supply the skin. 


In addition to these major branehes, small eollateral 
branehes ean be found in the intereostal spaee running 
along the superior border of the lower rib. 

In the thorax, the intereostal nerves earry: 

somatie motor innervation to the muscles of the tho- 
raeie wall (intereostal, subcostal, and transversus tho- 
raeis muscles), 

somatie sensory innervation from the skin and parietal 
pleura, and 

■ postganglionie sympathetie fibers to the periphery. 
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Fig. 3.32 intereostal nerves. 
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Sensory innervation of the skin overlying the upper 
thoraeie wall is supplied by cutaneous branehes (supracla- 
vicular nerves), which deseend from the eervieal plexus in 
the neek. 

In addition to innervating the thoraeie wall, intereostal 
nerves innervate other regions: 

The anterior ramus of T1 contributes to the braehial 
plexus. 

The lateral cutaneous braneh of the seeond intereostal 
nerve (the intereostobraehial nerve) contributes to 
cutaneous innervation of the medial surface of the 
upper arm. 

■ The lower intereostal nerves supply the muscles, skin, 
and peritoneum of the abdominal wall. 


In the elinie 

Thoraeostomy (ehest) tube insertion 

Insertion of a ehest tube is a eommonly performed 
procedure and is indieated to relieve air or fluid trapped 
in the thorax between the lung and the ehest wall 
(pleural eavity). This procedure is done for 
pneomothoraK, hemothoraK, hemopneomothoraK, 
malignant pleural effusion empyema, hydrothorax 7 and 
chylothorax, and also after thoraeie surgery. 

The position of the thoraeostomy tube should be 
between the anterior axillary and midaxillary anatomieal 
lines from anterior to posterior and eitherthe fourth or 
fifth intereostal spaee from eephalad to caudad.The 
position of the ribs in this region should be elearly 
marked. Anesthetie should be applied to the superior 
border of the rib and the inferior aspeet of the 
intereostal spaee, including one rib and spaee above 
and one rib and spaee below. The neurovascular bundle 
runs in the neurovascular plane, which lies in the 
superior aspeet of the intereostal spaee (just below the 
rib); henee, the reason for positioning the tube on the 
superior border of a rib (i.e v at the lowest position in 
the intereostal spaee). 


In the elinie 


In the elinie 


Surgical aeeess to the ehest 

A surgical aeeess is potentially more ehallenging in the 
ehest given the rigid nature of the thoraeie eage. 
Moreover, aeeess is also dependent upon the organ that 
is operated upon and its relationships to 
subdiaphragmatic structures and structures in the neek. 

A standard ineision site would include a median 
sternotomy to obtain aeeess to the heart, including the 
eoronary arteries and the eardiae valves. A left lateral 
thoraeotomy or a right lateral thoraeotomy is an ineision 
through an intereostal spaee to aeeess the lungs and 
the mediastinal structures. 

Minimally invasive thoraeie surgery (video-assisted 
thoraeie surgery [VATS]) involves making small (1-em) 
ineisions in the intereostal spaees, plaeing a small 
eamera on a teleseope, and manipulating other 
instruments through additional small ineisions. A 
number of procedures ean be performed in this 
manner, including lobeetomy, lung biopsy, and 
esophageetomy. 


intereostal nerve bloek 

Loeal anesthesia of intereostal nerves produces 
excellent analgesia in patients with ehest trauma and 
those patients requiring anesthesia for a thoraeotomy, 
masteetomy, or upper abdominal surgical procedures. 

The intereostal nerves are situated inferior to the 
rib borders in the neurovascular bundle. Eaeh 
neurovascular bundle is situated deep to the external 
and internal intereostal muscle groups. 

The nerve bloek may be undertaken using a "blind" 
technique or under direet imaging guidance. 

The patient is plaeed in the appropriate position 
to aeeess the rib. Typieally, under ultrasound guidance, 
a needle may be advaneed into the region of the 
subcostal groove, followed by an injeetion with loeal 
anesthesia. Depending on the type of loeal anesthetie, 
analgesia may be short- or long-aeting. 

Given the position of the neurovascular bundle and 
the subcostal groove, eomplieations may include 
puncture of the parietal pleura and an ensuing 
pneumothorax. Bleeding may also occur if the artery 
or vein is damaged during the procedure. 
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DIAPHRAGM 

The diaphragm is a thin musculotendinous structure 
that fills the inferior thoraeie aperture and separates the 
thoraeie eavity from the abdominal eavity (Fig. 3.33 and 
see Chapter 4). It is attaehed peripherally to the: 

xiphoid proeess of the sternum, 
eostal margin of the thoraeie wall, 

■ ends of ribs XI and XII, 

ligaments that span aeross structures of the posterior 
abdominal wall, and 

■ vertebrae of the lumbar region. 


From these peripheral attaehments, muscle fibers eon- 
verge to join the eentral tendon. The pericardium is 
attaehed to the middle part of the eentral tendon. 

In the median sagittal plane, the diaphragm slopes 
inferiorly from its anterior attaehment to the xiphoid, 
approximately at vertebral level TVIII/IX, to its posterior 
attaehment to the median arcuate ligament, erossing 
anteriorly to the aorta at approximately vertebral level 
TXII. 

Structures traveling between the thorax and abdomen 
pass through the diaphragm or between the diaphragm 
and its peripheral attaehments: 

■ The inferior vena eava passes through the eentral 
tendon at approximately vertebral level TVIII. 
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Fig. 3.33 Diaphragm. 
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The esophagus passes through the muscular part of the 
diaphragm, just to the left of midline, approximately at 
vertebral level TX. 

The vagus nerves pass through the diaphragm with the 
esophagus. 

The aortapasses behind the posterior attaehment of the 
diaphragm at vertebral level TXII. 

The thoraeie duct passes behind the diaphragm with the 
aorta. 

The azygos and hemiazygos veins may also pass through 
the aortie hiatus or through the emra of the 
diaphragm. 

Other structures outside the posterior attaehments of 
the diaphragm lateral to the aortie hiatus include the 
sympathetie trnnks. The greater, lesser, and least splaneh- 
nie nerves penetrate the crura. 

Arterial supply 

The arterial supply to the diaphragm is from vessels that 
arise superiorly and inferiorly to it (see Fig. 3.33). From 
above, perieardiaeophrenie and musculophrenic arteries 
supply the diaphragm. These vessels are branehes of the 
internal thoraeie arteries. Superior phrenie arteries, 
which arise direetly from lower parts of the thoraeie 
aorta, and small branehes from intereostal arteries eon- 
tribute to the supply. The largest arteries supplying the dia- 
phragm arise from below it. These arteries are the inferior 
phrenie arteries, which braneh direetly from the abdomi- 
nal aorta. 

Venous drainage 

Venous drainage of the diaphragm is by veins that gener- 
ally parallel the arteries. The veins drain into: 

the braehioeephalie veins in the neek, 

the azygos system of veins, or 

abdominal veins (left suprarenal vein and inferior vena 

eava). 

Innervation 

The diaphragm is innervated by the phrenie nerves (C3, 
C4, and C5), which penetrate the diaphragm and innervate 
it from its abdominal surface. 

Contraction of the domes of the diaphragm flattens 
the diaphragm, thereby inereasing thoraeie volume. Move- 
ments of the diaphragm are essential for normal 
breathing. 


MOVEMENTS OF THE THORACIC WALL 
AND DIAPHRAGM DLIRING BREATHING 

One of the prineipal functions of the thoraeie wall and the 
diaphragm is to alter the volume of the thorax and thereby 
move air in and out of the lungs. 

During breathing, the dimensions of the thorax ehange 
in the vertieal, lateral, and anteroposterior direetions. 
Elevation and depression of the diaphragm signifìeantly 
alter the vertieal dimensions of the thorax. Depression 
results when the muscle fìbers of the diaphragm eontraet. 
Elevation occurs when the diaphragm relaxes. 

Changes in the anteroposterior and lateral dimensions 
result from elevation and depression of the ribs (Fig. 3.34). 
The posterior ends of the ribs articulate with the vertebral 
column, whereas the anterior ends of most ribs articulate 
with the sternum or adjaeent ribs. 

Because the anterior ends of the ribs are inferior to the 
posterior ends, when the ribs are elevated, they move the 
sternum upward and forward. Also, the angle between 
the body of the sternum and the manubrium may beeome 
slightly less acute. When the ribs are depressed, the sternum 
moves downward and backward. This U pump handle” 
movement ehanges the dimensions of the thorax in the 
anteroposterior direetion (Fig. 3.34A). 

As well as the anterior ends of the ribs being lower than 
the posterior ends, the middles of the shafts tend to be 
lower than the two ends. When the shafts are elevated, the 
middles of the shafts move laterally. This “bucket handle” 
movement inereases the lateral dimensions of the thorax 
(Fig. 3.34B). 

Any muscles attaehing to the ribs ean potentially move 
one rib relative to another and therefore aet as aeeessory 
respiratory muscles. Muscles in the neek and the abdomen 
ean fìx or alter the positions of upper and lower ribs. 

PLEIIRAL CAVITIES 

Two pleural eavities, one on either side of the mediasti- 
num, surround the hings (Fig. 3.35): 

■ Superiorly, they extend above rib I into the root of 
the neek. 

Inferiorly, they extend to a level just above the eostal 
margin. 

The medial wall of eaeh pleural eavity is the 
mediastinum. 
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Fig. 3.34 Movement of thoraeie wall during breathing. A. Pump 
handle movement of ribs and sternum. B. Bucket handle 
movement of ribs. 
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Fig. 3.35 Pleural eavities 


Pleura 

Eaeh pleural eavity is lined by a single layer of flat eells, 
mesothelium, and an assoeiated layer of supporting eon- 
neetive tissue; together, they form the pleura. 

The pleura is divided into two major types, based on 
loeation: 

Pleura assoeiated with the walls of a pleural eavity is 

parietalpleiira (Fig. 3.35). 

Pleura that refleets from the medial wall and onto the 
surfaceof the lungis viseeralpleiira (Fig. 3.35), which 
adheres to and eovers the lung. 
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Eaeh pleural eavity is the potential spaee enelosed 
between the viseeral and parietal pleurae. They normally 
eontain only a very thin layer of serous fluid. As a result, 
the surface of the lung, which is eovered by viseeral pleura, 
direetly opposes and freely slides over the parietal pleura 
attaehed to the wall. 

Parietal pleura 

The names given to the parietal pleura eorrespond to 
the parts of the wall with which they are assoeiated 

(Fig. 3.36): 

Pleura related t o the ribs and intereostal spaees is termed 

the eostal part. 


Pleura eovering the diaphragm is the diaphragmatie 
part. 

Pleura eovering the mediastinum is the mediastinal 
part. 

The dome-shaped layer of parietal pleura lining the eer- 
vieal extension of the pleural eavity is eervieal pleura 
(dome of pleura or pleural cupola). 

Covering the superior surface of the eervieal pleura is a 
distinet dome-like layer of faseia, the suprapleural mem- 
brane (Fig. 3.36). This eonneetive tissue membrane is 
attaehed laterally to the medial margin of the fìrst rib and 
behind to the transverse proeess of vertebra CVIL Superi- 
orly, the membrane reeeives muscle fìbers from some of the 
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Fig. 3.36 Parietal pleura. 
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deep muscles in the neek (sealene muscles) that function 
to keep the membrane taught. The suprapleural mem- 
brane provides apieal support for the pleural eavity in the 
root of the neek. 

In the region of vertebrae TV to TVII, the mediastinal 
pleura refleets off the mediastinum as a tubular, sleeve-like 
eovering for structures (i.e., airway, vessels, nerves, lym- 
phaties) that pass between the lung and mediastinum. This 
sleeve-like eovering, and the structures it eontains, forms 
the root of the limg. The root joins the medial surface 
of the lung at an area referred to as the hiliim of the 
limg. Here, the mediastinal pleura is continuous with the 
viseeral pleura. 

The parietal pleural is innervated by somatie afferent 
fìbers. The eostal pleura is innervated by branehes from the 
intereostal nerves, and pain would be felt in relation to the 
thoraeie wall. The diaphragmatie pleura and the mediasti- 
nal pleura are innervated mainly by the phrenie nerves 
(originating at spinal eord levels C3, C4, and C5). Pain from 
these areas wouldrefer to the C3, C4, and C5 dermatomes 
(lateral neek and the supraclavicular region of the 
shoulder). 


Peripheral refleetions 

The peripheral refleetions of parietal pleura mark the 
extent of the pleural eavities (Fig. 3.37). 

Superiorly, the pleural eavity ean projeet as much as 
3-4 em above the fìrst eostal eartilage but does not extend 
above the neek of rib I. This limitation is caused by the 
inferior slope of rib I to its articulation with the 
manubrium. 

Anteriorly, the pleural eavities approaeh eaeh other pos- 
terior to the upper part of the sternum. However, posterior 
to the lower part of the sternum, the parietal pleura does 
not eome as elose to the midline on the left side as it does 
on the right because the middle mediastinum, eontaining 
the pericardium and heart, bulges to the left. 

Inferiorly, the eostal pleura refleets onto the diaphragm 
above the eostal margin. In the midclavicular line, the 
pleural eavity extends inferiorly to approximately rib VIII. 
In the midaxillary line, it extends to rib X. From this point, 
the inferior margin courses somewhat horizontally, eross- 
ing ribs XI and XII to reaeh vertebra TXII. From the mid- 
clavicular line to the vertebral column, the inferior 
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Fig. 3.37 Pleural refleetions. 
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boimdary of the pleura ean be approximated by a line that 
runs between rib VIII, rib X, and vertebra TXII. 

Viseeral pleura 

The viseeral pleura is continuous with the parietal pleura 
at the hilum of eaeh lung, where structures enter and leave 
the organ. The viseeral pleura is fìrmly attaehed to the 
surface of the lung, including both opposed surfaces of the 
fissures that divide the lungs into lobes. 

Although the viseeral pleura is innervated by viseeral 
afferent nerves that aeeompany bronehial vessels, pain is 
generally not elieited from this tissue. 

Pleuralreeesses 

The lungs do not eompletely fill the anterior or posterior 
inferior regions of the pleural eavities (Fig. 3.38). This 
results in reeesses in which two layers of parietal pleura 
beeome opposed. Expansion of the lungs into these spaees 
usually occurs only during foreed inspiration; the reeesses 


also provide potential spaees in whichfluids ean eolleet and 
from which fluids ean be aspirated. 

Costomediastinal reeesses 

Anteriorly, a eostomediastinal reeess occurs on eaeh 
side where eostal pleura is opposed to mediastinal pleura. 
The largest is on the left side in the region overlying the 
heart (Fig. 3.38). 

Costodiaphragmatic reeesses 

The largest and elinieally most important reeesses are 
the eostodiaphragmatie reeesses, which occur in eaeh 
pleural eavity between the costalpleura and diaphragmatie 
pleura (Fig. 3.38). Theeostodiaphragmatiereeesses are the 
regions between the inferior margin of the lungs and infe- 
rior margin of the pleural eavities. They are deepest after 
foreed expiration and shallowest after foreed inspiration. 

Duringquiet respiration, the inferior margin of the lung 
erosses rib VI in the midclavicular line and rib VIII in the 
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Fig. 3.38 Parietal pleural refleetions and reeesses. 
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midaxillary line, and then courses somewhat horizontally 
to reaeh the vertebral column at vertebral level TX. Thus, 
from the midclavicular line and around the thoraeie wall 
to the vertebral column, the inferior margin of the lung 
ean be approximated by a line running between rib VI, rib 
VIII, and vertebra TX. The inferior margin of the pleural 
eavity at the same points is rib VIII, rib X, and vertebra 
TXII. The eostodiaphragmatie reeess is the region between 
the two margins. 

During expiration, the inferior margin of the lung rises 
and the eostodiaphragmatie reeess beeomes larger. 


In the elinie 

Pleural effusion 

A pleural effusion occurs when excess fluid accumulates 
within the pleural spaee. As the fluid accumulates 
within the pleural spaee the underlying lung is 
eompromised and may eollapse as the volume of fluid 
inereases. Onee a pleural effusion has been diagnosed, 
fluid often will be aspirated to determine the cause, 
which ean include infeetion, malignaney, eardiae failure, 
hepatie disease, and pulmonary embolism. 


In the elinie 
Pneumothorax 

A pneumothorax is a eolleetion of gas or air within the 
pleural eavity. When air enters the pleural eavity the 
tissue elastieity of the parenehyma causes the lung to 
eollapse within the ehest, impairing the lung function. 
Oeeasionally, the gas within the pleural eavity may 
accumulate to such an extent that the mediastinum is 
"pushed" to the opposite side, eompromising the other 
lung. This is termed a tension pneumothorax and 
requires urgent treatment. 

Most pneumothoraces are spontaneous (i.e., they 
occur in the absenee of no known pathology and no 
known lung disease). In addition, pneumothoraces may 
occur as a result of trauma 7 inflammation, smoking, and 
other underlying pulmonary diseases. 

The symptoms of pneumothorax are often 
determined by the degree of air leak and the rate at 
which the accumulation of gas occurs and the ensuing 
lung eollapses. They include pain, shortness of breath, 
and eardiorespiratory eollapse, if severe. 


Lungs 

The two lungs are organs of respiration and lie on either 
side of the mediastinum surrounded by the right and left 
pleural eavities. Air enters and leaves the hrngs via main 
bronehi, which are branehes of the traehea. 


The pulmonary arteries deliver deoxygenated blood 
to the lungs from the right ventriele of the heart. Oxygen- 
ated blood returns to the left atrium via the pulmonary 
veins. 

The right lung is normally a little larger than the left 
lung because the middle mediastinum, eontaining the 
heart, bulges more to the left than to the right. 

Eaeh lung has a half-eone shape, with a base, apex, two 
surfaces, and three borders (Fig. 3 . 39 ). 

■ The base sits on the diaphragm. 

The apex projeets above rib I and into the root of 
the neek. 

■ The two surfaces—the eostal siirfaee lies immediately 
adjaeent to the ribs and intereostal spaees of the 
thoraeie wall. The mediastinal surface lies against 
the mediastinum anteriorly and the vertebral column 
posteriorly and eontains the eomma-shaped hilum 
of the lung, through which structures enter and 
leave. 

The three borders—the inferior border of the lung is 
sharp and separates the base from the eostal surface. 
The anterior and posterior borders separate the 
eostal surface from the medial surface. IJnlike the ante- 
rior and inferior borders, which are sharp, the posterior 
border is smooth and rounded. 

The lungs lie direetly adjaeent to, and are indented by, 
structures eontained in the overlying area. The heart and 
major vessels form bulges in the mediastinum that indent 
the medial surfaces of the lung; the ribs indent the eostal 
surfaces. Pathology, such as tumors, or abnormalities in 
one structure ean affeet the related structure. 

Root and hilum 

The root of eaeh lung is a short tubular eolleetion of struc- 
tures that together attaeh the lung to structures in the 
mediastinum (Fig. 3.40). It is eovered by a sleeve of medi- 
astinal pleura that refleets onto the surface of the lung as 
viseeral pleura. The region outlined by this pleural reflee- 
tion on the medial surface of the lung is the hilum, where 
structures enter and leave. 

A thin blade-like fold of pleura projeets inferiorly from 
the root of the lung and extends from the hilum to the 
mediastinum. This structure is the pulmonary ligament. 
It may stabilize the position of the inferior lobe and may 
also aeeommodate the down-and-up transloeation of 
structures in the root during breathing. 

In the mediastinum, the vagus nerves pass immediately 
posterior to the roots of the hrngs, while the phrenie nerves 
pass immediately anterior to them. 
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Fig. 3.40 Roots and hila of the lungs. 
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Within eaeh root and loeated in the hilum are: 

a pulmonary artery, 
two pulmonary veins, 
a main bronchus, 
bronehial vessels, 
nerves, and 
lymphaties. 

Generally, the pulmonary artery is superior at the hilum, 
the pulmonary veins are inferior, and the bronehi are 
somewhat posterior in position. 

On the right side, the lobar bronchus to the superior lobe 
branehes from the main bronchus in the root, unlike on 
the left where it branehes within the lung itself, and is 
superior to the pulmonary artery. 

Right lung 

The right lung has three lobes and two fissures (Fig. 
3.41A). Normally, the lobes are freely movable against 
eaeh other because they are separated, almost to the hilum, 
by invaginations of viseeral pleura. These invaginations 
form the fissures: 

The oblique fissure separates the inferior lobe 
(lower lobe) from the superior lobe and the middle 
lobe of the right lung. 

The horizontal fissure separates the superior lobe 
(upper lobe) from the middle lobe. 

The approximate position of the oblique fissure on a 
patient, in quiet respiration, ean be marked by a curved line 
on the thoraeie wall that begins roughly at the spinous 
proeess of the vertebra TIV level of the spine, erosses the 
fifth interspaee laterally, and then follows the contour of 
rib VI anteriorly (see p. 239). 

The horizontal fissure follows the fourth intereostal 
spaee from the sternum until it meets the oblique fissure as 
it erosses rib V. 

The orientations of the oblique and horizontal fissures 
determine where elinieians should listen for lung sounds 
from eaeh lobe. 

The largest surface of the superior lobe is in eontaet 
with the upper part of the anterolateral wall and the apex 
of this lobe projeets into the root of the neek. The surface 
of the middle lobe lies mainly adjaeent to the lower anterior 
and lateral wall. The eostal surface of the inferior lobe is in 
eontaet with the posterior and inferior walls. 

When listening to lung sounds from eaeh of the lobes, 
it is important to position the stethoseope on those areas 
of the thoraeie wall related to the underlying positions of 
the lobes (see p. 240). 


The medial surface of the right lung lies adjaeent to a 
number of important structures in the mediastinum and 
the root of the neek (Fig. 3.41B). These include the: 

heart, 

inferior vena eava, 

■ superior vena eava, 
azygos vein, and 
esophagus. 

The right subclavian artery and vein areh over and are 
related to the superior lobe of the right lung as they pass 
over the dome of the eervieal pleura and into the axilla. 

Left lung 

The left lung is smaller than the right lung and has two 
lobes separated by an oblique fissure (Fig. 3.42A). The 
oblique fissure of the left lung is slightly more oblique 
than the eorresponding fissure of the right lung. 

During quiet respiration, the approximate position of 
the left oblique fissure ean be marked by a curved line 
on the thoraeie wall that begins between the spinous 
proeesses of vertebrae TIII and TIV, erosses the fifth inter- 
spaee laterally, and follows the contour of rib VI anteriorly 
(see pp. 237-238). 

As with the right lung, the orientation of the oblique 
fissure determines where to listen for lung sounds from 
eaeh lobe. 

The largest surface of the superior lobe is in eontaet 
with the upper part of the anterolateral wall, and the apex 
of this lobe projeets into the root of the neek. The eostal 
surface of the inferior lobe is in eontaet with the posterior 
and inferior walls. 

When listening to lung sounds from eaeh of the lobes, 
the stethoseope should be plaeed on those areas of the 
thoraeie wall related to the underlying positions of the 
lobes (see p. 240). 

The inferior portion of the medial surface of the left 
lung, unlike the right lung, is notehed because of the 
heart’s projeetion into the left pleural eavity from the 
middle mediastinum. 

From the anterior border of the lower part of the supe- 
rior lobe a tongue-like extension (the lingiila of the lef't 
lung) projeets over the heart bulge. 

The medial surface of the left lung lies adjaeent to a 
number of important structures in the mediastinum and 
root of the neek (Fig. 3.42B). These inehide the: 

heart, 
aortie areh, 

■ thoraeie aorta, and 
esophagus. 
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Fig. 3.41 A. Right lung. B. Major structures related to the right lung. 
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Fig. 3.42 A. Left lung. B. Major structures related to the left lung. 
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The left subclavian artery and vein areh over and are 
related to the superior lobe of the left lung as they pass over 
the dome of the eervieal pleura and into the axilla. 

Bronehial tree 

The traehea is a flexible tube that extends from vertebral 
level CVI in the lower neek to vertebral level TIV/V in the 
mediastinum where it bifurcates into a right and a left 
main bronchus (Fig. 3.43). The traehea is held open by 


C-shaped transverse eartilage rings embedded in its wall— 
the open part of the C faeing posteriorly. The lowest tra- 
eheal ring has a hook-shaped structure, the earina, that 
projeets backwards in the midline between the origins of 
the two main bronehi. The posterior wall of the traehea is 
eomposed mainly of smooth muscle. 

Eaeh main bronchus enters the root of a lung and 
passes through the hilum into the lung itself. The right 
main bronchus is wider and takes a more vertieal course 
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Fig. 3.43 A. Bronehial tree. B. Bronchopulmonary segments. 
























Regional anatomy • Pleural Cavities 


3 


through the root and hihim than the left main bronchus 
(Fig. 3.43A). Therefore, inhaled foreign bodies tend to 
lodge more frequently on the right side than on the left. 

The main bronchus divides within the lung into lobar 
bronehi (seeondary bronehi), eaeh of which supplies a 
lobe. On the right side, the lobar bronchus to the superior 
lobe originates within the root of the lung. 

The lobar bronehi further divide into segmental 
bronehi (tertiary bronehi), which supply bronchopulmo- 
nary segments (Fig. 3.43B). 

Within eaeh bronchopulmonary segment, the segmen- 
tal bronehi give rise to multiple generations of divisions 
and, ultimately, to bronehioles, which further subdivide 
and supply the respiratory surfaces. The walls of the 
bronehi are held open by discontinuous elongated plates of 
eartilage, but these are not present in bronehioles. 


Bronchopulmonary segments 

A bronchopulmonary segment is the area of lung 
supplied by a segmental bronchus and its aeeompanying 
pulmonary artery braneh. 

Tributaries of the pulmonary vein tend to pass interseg- 
mentally between and around the margins of segments. 

Eaeh bronchopulmonary segment is shaped like an 
irregular eone, with the apex at the origin of the segmental 
bronchus and the base projeeted peripherally onto the 
surface of the lung. 

A bronchopulmonary segment is the smallest function- 
ally independent region of a lung and the smallest area of 
lung that ean be isolated and removed without affeeting 
adjaeent regions. 

There are ten bronchopulmonary segments in eaeh 
lung (Fig. 3.44); some of them fuse in the left lung. 
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Fig. 3.44 Bronchopulmonary segments. A. Right lung. B. Left lung. (Bronchopulmonary segments are numbered and named.) 
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Thorax 



Pulmonary arteries 

The right and left pulmonary arteries originate from the 
pulmonary trunk and earry deoxygenated blood to the 
hings from the right ventriele of the heart (Fig. 3.45). 

The bifurcation of the pulmonary trank occurs to 
the left of the midline just inferior to vertebral level TIV/V, 
and anteroinferiorly to the leí’t of the bifurcation of the 
traehea. 

Right pulmonary artery 

The right pulmonary artery is longer than the left and 
passes horizontally aeross the mediastinum (Fig. 3.45). 
It passes: 

■ anteriorly and slightly inferiorly to the traeheal bifur- 
eation and anteriorly to the right main bronchus, 
and 

posteriorly to the aseending aorta, superior vena eava, 
and upper right pulmonary vein. 

The right pulmonary artery enters the root of the lung 
and gives off a large braneh to the superior lobe of the 
lung. The main vessel continues through the hilum of 
the lung, gives off a seeond (recurrent) braneh to the 
superior lobe, and then divides to supply the middle and 
inferior lobes. 

Left pulmonary artery 

The left pulmonary artery is shorter than the right and 
lies anterior to the deseending aorta and posterior to the 
superior pulmonary vein (Fig. 3.45). It passes through the 
root and hilum and branehes within the lung. 


Pulmonary veins 

On eaeh side a superior pulmonary vein and an infe- 

rior pulmonary vein earry oxygenated blood from the 
hings baek to the heart (Fig. 3.45). The veins begin at the 
hilum of the lung, pass through the root of the lung, and 
immediately drain into the left atrium. 

Bronehial arteries and veins 

The bronehial arteries (Fig. 3.45) and veins constitute the 
“nutritive” vascular system of the pulmonary tissues 
(bronehial walls and glands, walls of large vessels, and vis- 
eeral pleura). They intereonneet within the lung with 
branehes of the pulmonary arteries and veins. 

The bronehial arteries originate from the thoraeie aorta 
or one of its branehes: 

A single right bronehial artery normally arises from 
the third posterior intereostal artery (but oeeasionally, 
it originates from the upper left bronehial artery). 
Two left bronehial arteries arise direetly from the 
anterior surface of the thoraeie aorta—the superior 
left bronehial artery arises at vertebral level TV, and 
the inferior one inferior to the left bronchus. 

The bronehial arteries run on the posterior surfaces of 
the bronehi and ramify in the lungs to supply pulmonary 
tissues. 

The bronehial veins drain into: 

either the pulmonary veins or the left atrium, and 
into the azygos vein on the right or into the superior 
intereostal vein or hemiazygos vein on the left. 
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Fig. 3.45 Pulmonary vessels. A. Diagram of an anterior view. B. Axial computed tomography image showing the left pulmonary artery 
branehing from the pulmonary trunk. C. Axial computed tomography image (just inferior to the image in B) showing the right pulmonary 
artery branehing from the pulmonary trunk. 
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Thorax 



Innervation 

Structures of the lung, andthe viseeral pleura, are supplied 
by viseeral afferents and efferents distributed through 
the anterior pulmonary plexus and posterior pulmonary 
plexus (Fig. 3.46). These intereonneeted plexuses lie ante- 
riorly and posteriorly to the traeheal bifurcation and main 
bronehi. The anterior plexus is much smaller than the pos- 
terior plexus. 

Branehes of these plexuses, which ultimately originate 
from the sympathetie tmnks and vagus nerves, are distrib- 
uted along branehes of the airway and vessels. 


Viseeral efferents from: 

the vagus nerves eonstriet the bronehioles; 
the sympathetie system dilates the bronehioles. 

Lymphatie drainage 

Superficial, or subpleural, and deep lymphaties of the lung 
drain into lymph nodes ealled traeheobronehial nodes 
around the roots of lobar and main bronehi and along the 
sides of the traehea (Fig. 3.47). As a group, these lymph 
nodes extend from within the lung, through the hilum and 
root, and into the posterior mediastinum. 
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Fig. 3.46 Pulmonary innervation. 
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Fig. 3.47 Lymphatie drainage of lungs. 
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Thorax 



Efferent vessels from these nodes pass superiorly along 
the traehea to unite with similar vessels from parasternal 
nodes and braehioeephalie nodes, which are anterior to 
braehioeephalie veins in the superior mediastinum, to 


ln the elinie 

Imaging the lungs 

Medieal imaging of the lungs is important because they 
are one of the eommonest sites for disease in the body. 
While the body is at rest, the lungs exchange up to 5 L 
of air per minute 7 and this may eontain pathogens and 
other potentially harmful elements (e.g v allergens). 
Techniques to visualize the lung range from plain ehest 
radiographs to high-resolution computed tomography 
(CT), which enables preeise loealization of a lesion 
within the lung. 


form the right and left bronehomediastinal trunks. 

These trunks drain direetly into deep veins at the base of the 
neek, or may drain into the right lymphatie trunk or tho- 
raeie duct. 


In the elinie 

High-resolution lung CT 

High-resolution computed tomography (HRCT) is a 
diagnostie method for assessing the lungs but more 
speeifieally the interstitium of the lungs. The technique 
involves obtaining narrow eross-seetional sliees of 1 to 
2 mm. These seans enable the physieian and radiologist 
to view the patterns of disease and their distribution. 
Diseases that may be easily demonstrated using this 
procedure include emphysema, pneumoconiosis (eoal 
worker's pneomoeoniosis), and asbestosis. 


In the elinie 


Bronehoseopy 

Patients who have an endobronehial lesion (i.e v 
a lesion within a bronchus) may undergo bronehoseopie 
evaluation of the traehea and its main branehes ( : ig. 3.48). 


The bronehoseope is passed through the nose into the 
oropharynx and is then direeted by a eontrol system past 
the voeal eords into the traehea. The bronehi are 
inspeeted and, if neeessary, small biopsies are obtained. 



Left main bronchus 


Right main bronchus 



Tymor 
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Fig. 3.48 Bronehoseopie evaluation. A. Of the lower end of the traehea and its main branehes. B. Of traeheal bifurcation showing a 
tumor at the earina. 
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ln the elinie 

Lung eaneer 

It is important to stage lung eaneer because the treatment 
depends on its stage. 

If a small malignant nodule is found within the lung, it 
ean sometimes be excised and the prognosis is excellent. 
llnfortonately, many patients present with a tumor mass 
that has invaded structures in the mediastinum or the 
pleurae or has metastasized. The tumor may then be 
inoperable and is treated with radiotherapy and 
ehemotherapy. 

Spread of the tumor is by lymphaties to lymph nodes 
within the hila, mediastinom, and root of the neek. 


Tumor 



A key faetor affeeting the prognosis and ability to cure 
the disease is the distant spread of metastases. Imaging 
methods to assess spread include plain radiography 
(Fig. 3.49A), computed tomography (CT; Fig. 3.49B), 
and magnetie resonanee imaging (MRI). inereasingly, 
radionuclide studies using fluorodeoxyglucose positron 
emission tomography (FDG PET; Fig. 3.49C) are 
being used. 

In FDG PET a gamma radiation emitter is attaehed to a 
glucose molecule. In areas of high metabolie aetivity (i.e v 
the tumor), excessive uptake occurs and is reeorded by a 
gamma eamera. 

r —Tumor 



Tumor 



Fig. 3.49 Imaging of the lungs. A. Standard posteroanterior view of the ehest showing tumor in upper right lung. B. Axial CT image of 
lungs showing tumor in right lung. C. Radionuclide study using FDG PET showing a tumor in the right lung. 
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Thorax 


MEDIASTINUM 

The mediastinum is a broad eentral partition that sepa- 
rates the two laterally plaeed pleuraleavities (Fig. 3.50). It 
extends: 

from the sternmn to the bodies of the vertebrae, and 

from the superior thoraeie aperture to the diaphragm 

(Fig. 3.51). 

The mediastinum eontains the thymus gland, the peri- 
eardial sae, the heart, the traehea, and the major arteries 
and veins. 

Additionally, the mediastinum serves as a passageway 
for structures such as the esophagus, thoraeie duct, and 
various eomponents of the nervous system as they traverse 
the thorax on their way to the abdomen. 

For organizational purposes, the mediastinum is subdi- 
vided into several smaller regions. A transverse plane 
extending from the sternal angle (the junction between the 
manubrium and the body of the sternum) to the interver- 
tebral dise between vertebrae TIV and TV separates the 
mediastinum into the: 

superior mediastinum, and 

inferior mediastinum, which is further partitioned 

into the anterior, middle, and posterior mediasti- 

num by the perieardial sae. 


Mediastinum Left pleural eavity 



Right pleural eavity 


Fig. 3.50 Cross-section of the thorax showing the position of the 
mediastinum. 


The area anterior to the perieardial sae and posterior to 
the body of the sternum is the anterior mediastinum. The 
region posterior to the perieardial sae and the diaphragm 
and anterior to the bodies of the vertebrae is the posterior 
mediastinum. The area in the middle, which includes the 
perieardial sae and its eontents, is the middle mediastinum 
(Fig. 3.52). 

Middle mediastiniim 

The middle mediastinum is eentrally loeated in the tho- 
raeie eavity. It eontains the pericardium, heart, origins of 
the great vessels, various nerves, and smaller vessels. 


Superior thoraeie aperture 



Fig.3.51 Lateral view of the mediastinum. 
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Fig. 3.53 Sagittal seetion of the pericardium. 


The viseeral layer (epicardium) of serous periear- 
dium adheres to the heart and forms its outer 
eovering. 


Fig. 3.52 Subdivisions of the mediastinum. 


Pericardium 

The pericardium is a fibroserous sae surrounding the 
heart and the roots of the great vessels. It eonsists of two 
eomponents, the fibrous pericardium and the serous peri- 
cardium (Fig. 3.53). 

The fíbrous pericardium is a tough eonneetive tissue 
outer layer that defines the boundaries of the middle medi- 
astinum. The serous pericardium is thin and eonsists of 
two parts: 

The parietal layer of serous pericardium lines the 
inner surface of the fibrous pericardium. 


The parietal and viseeral layers of serous perieardhim 
are continuous at the roots of the great vessels. The narrow 
spaee ereated between the two layers of serous periear- 
dium, eontaining a small amount of fluid, is the periear- 
dial eavity. This potential spaee allows for the relatively 
uninhibited movement of the heart. 

Fibrous pericardium 

The fíbrous pericardium is a eone-shaped bag with its 
base on the diaphragm and its apex continuous with the 
adventitia of the great vessels (Fig. 3.53). The base is 
attaehed to the eentral tendon of the diaphragm and 
to a small muscular area of the diaphragm on the left side. 
Anteriorly, it is attaehed to the posterior surface of the 
sternum by sternoperieardial ligaments. These attaeh- 
ments help to retain the heart in its position in the thoraeie 
eavity. The sae also limits eardiae distention. 
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Thorax 



The phrenie nerves, which innervate the diaphragm 
andoriginate fromspinal eord levels C3 to C5, pass through 
the fibrous pericardium and innervate the fibrous periear- 
dium as they travel from their point of origin to their final 
destination (Fig. 3.54). Their loeation, within the fibrous 
pericardium, is direetly related to the embryologieal origin 
of the diaphragm and the ehanges that occur during 
the formation of the perieardial eavity. Similarly, the 


perieardiaeophrenie vessels are also loeated within and 
supply the fibrous pericardium as they pass through the 
thoraeie eavity. 

Serous pericardium 

The parietal layer of serous pericardium is continuous with 
the viseeral layer of serous pericardium around the roots 
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Fig. 3.54 Phrenie nerves and perieardiaeophrenie vessels. 
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of the great vessels. These refleetions of serous pericardium 
(Fig. 3.55) occur in two loeations: 

one superiorly, surrounding the arteries, the aorta, and 
the pulmonary trunk; 

the seeond more posteriorly, surrounding the veins, the 
superior and inferior vena eava, and the pulmonary 
veins. 

Thezone of refleetion surrounding the veins is J-shaped, 
and the cul-de-sac formed within the J, posterior to the left 
atrium, is the oblique perieardial siniis. 

A passage between the two sites of refleeted serous peri- 
cardium is the transverse perieardial sinus. This sinus 
lies posterior to the aseending aorta and the pulmonary 
trunk, anterior to the superior vena eava, and superior to 
the left atrium. 

When the pericardium is opened anteriorly during 
surgery, a fìnger plaeed in the transverse sinus separates 


arteries from veins. A hand plaeed under the apex of the 
heart and moved superiorly slips into the oblique sinus. 

Vessels and nerves 

The pericardium is supplied by branehes from the internal 
thoraeie, perieardiaeophrenie, musculophrenic, and infe- 
rior phrenie arteries, and the thoraeie aorta. 

Veins from the pericardium enter the azygos system of 
veins and the internalthoraeie and superior phrenie veins. 

Nerves supplying the pericardium arise from the 
vagus nerve [X], the sympathetie trunks, and the phrenie 
nerves. 

It is important to notethatthe source of somatie sensa- 
tion (pain) from the parietal pericardium is earried by 
somatie afferent fìbers in the phrenie nerves. For this 
reason, “pain” related to a perieardial problem may be 
referred to the supraclavicular region of the shoulder or 
lateral neek area dermatomes for spinal eord segments 
C3, C4, and C5. 
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Fig. 3.55 Posterior portion of perieardial sae shovving refleetions of serous pericardium. 
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Thorax 


ln the elinie 
Periearditis 

Periearditis is an inflammatory eondition of the 
pericardium. Common causes are viral and baeterial 
infeetions, systemie illnesses (e.g., ehronie renal failure), 
and after myoeardial infaretion. 

Periearditis must be distinguished from myoeardial 
infaretion because the treatment and prognosis are 
quite different. As in patients with myoeardial infaretion, 
patientswith periearditis eomplain of continuous 
eentral ehest pain that may radiate to one or both arms. 
llnlike myoeardial infaretion, however, the pain from 
periearditis may be relieved by sitting forward. An 
eleetroeardiogram (ECG) is used to help differentiate 
between the two eonditions. 


Heart 

Cardiac orientation 

The general shape and orientation of the heart are that of 
a pyramid that has fallen over and is resting on one of 
its sides. Plaeed in the thoraeie eavity, the apex of this 
pyramid projeets forward, downward, and to the left, 
whereas the base is opposite the apex and faees in a 
posterior direetion (Fig. 3.56). The sides of the pyramid 
eonsist of: 

a diaphragmatie (inferior) surface on which the 
pyramid rests, 

■ an anterior (sternoeostal) surface oriented anteriorly, 
a right pulmonary surface, and 
a left pulmonary surface. 


In the elinie 

Perieardial effusion 

Normally, only a tiny amount of fluid is present between 
the viseeral and parietal layers of the serous 
pericardium. In eertain situations 7 this spaee ean be 
filled with excess fluid (perieardial effusion). 

Because the fibrous pericardium is a "relatively fixed" 
structure that eannot expand easily, a rapid 
accumulation ofexcess fluid within the perieardial sae 
eompresses the heart (eardiae tamponade), resulting in 
biventricular failure. Removing the fluid with a needle 
inserted into the perieardial sae ean relieve the 
symptoms. 


In the elinie 

Constrictive periearditis 

Abnormal thiekening of the perieardial sae (eonstrietive 
periearditis) ean eompress the heart, impairing heart 
function and resulting in heart failure. The diagnosis is 
made by inspeeting the jugular venous pulse in the 
neek. In normal individuals, the jugular venous pulse 
drops on inspiration. In patients with eonstrietive 
periearditis, the reverse happens and this is ealled 
Kussmaul's sign. Treatment often involves surgical 
opening of the perieardial sae. 


Base (posterior surface) and apex 

The base of the heart is quadrilateral and direeted pos- 
teriorly. It eonsists of: 

the left atrium, 

a small portion of the right atrium, and 

the proximal parts of the great veins (superior and infe- 

rior venae eavae and the pulmonary veins) (Fig. 3.57). 
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Fig. 3.56 Sehematie illustration of the heart showing orientation, 
surfaces, and margins. 
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Fig. 3.57 Base of the heart. 
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Thorax 



Because the great veins enter the base of the heart, with 
the pulmonary veins entering the right and left sides of 
the left atrium and the superior and inferior venae eavae 
at the upper and lower ends of the right atrhim, the base 
of the heart is fixed posteriorly to the perieardial wall, 
opposite the bodies of vertebrae TV to TVIII (TVI to TIX 
when standing). The esophagus lies immediately posterior 
to the base. 


From the base the heart projeets forward, downward, 
and to the left, ending in the apex. The apex of the heart 
is formed by the inferolateral part of the left ventriele 
(Fig. 3.58) and is positioned deep to the leftfifthintereostal 
spaee, 8-9 em from the midsternal line. 
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Fig. 3.58 Anterior surface of the heart. 
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Surfaces of the heart 

The anterior surface faees anteriorly and eonsists 
mostly of the right ventriele, with some of the right 
atrium on the right and some of the left ventriele on the 
left (Fig. 3.58). 

The heart in the anatomieal position rests on the dia- 
phragmatie surface, which eonsists of the left ventriele 
and a small portion of the right ventriele separated by the 
posterior interventricular groove (Fig. 3.59). This surface 
faees inferiorly, rests on the diaphragm, is separated from 
the base of the heart by the eoronary sinus, and extends 
from the base to the apex of the heart. 

The left pulmonary surface faees the left lung, is 
broad and convex, and eonsists of the left ventriele and a 
portion of the left atrium (Fig. 3.59). 


The right pulmonary surface faees the right lung, 
is broad and convex, and eonsists of the right atrium 

(Fig. 3.59). 

Margins and borders 

Some general deseriptions of eardiae orientation refer to 
right, left, inferior (acute), and obtuse margins: 

The right and left margins are the same as the right 
and left pulmonary surfaces of the heart. 

■ The inferior margin is defined as the sharp edge 
between the anterior and diaphragmatie surfaces of the 
heart (Figs 3.56 and 3.58) —it is formed mostly by the 
right ventriele and a small portion of the left ventriele 
near the apex. 
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Fig. 3.59 Diaphragmatie surface of the heart. 
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Thorax 



The obtuse margin separates the anterior and left pul- 
monary surfaces (Fig. 3.56) —it is round and extends 
from the left auricle to the eardiae apex (Fig. 3.58), and 
is formed mostly by the left ventriele and superiorly by 
a small portion of the left auricle. 

For radiologieal evaluations, a thorough understanding 
of the structures defining the eardiae borders is eritieal. 
The right border in a standard posteroanterior view eon- 
sists of the superior vena eava, the right atrium, and the 
inferior vena eava (Fig. 3.60A). The left border in a similar 
view eonsists of the areh of the aorta, the pulmonary 
trunk, and the left ventriele. The inferior border in this 
radiologieal study eonsists of the right ventriele and the leí’t 
ventriele at the apex. In lateral views, the right ventriele is 
seen anteriorly, and the left atrium is visualized posteriorly 

(Fig. 3.60B). 


External sulci 

Internal partitions divide the heart into four ehambers 
(i.e., two atria and two ventrieles) and produce surface or 
external grooves referred to as sulci. 

The eoronary sulcus eireles the heart, separating the 
atria from the ventrieles (Fig. 3.61). As it eireles the 
heart, it eontains the right eoronary artery, the small 
eardiae vein, the eoronary sinus, and the circumflex 
braneh of the left eoronary artery. 

The anterior and posterior interventricular sulci 
separate the two ventrieles—the anterior interventricu- 
lar sulcus is on the anterior surface of the heart and 
eontains the anterior interventricular artery and the 
great eardiae vein, and the posterior interventricular 
sulcus is on the diaphragmatie surface of the heart and 
eontains the posterior interventricular artery and the 
middle eardiae vein. 
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Fig. 3.60 Chest radiographs. A. Standard posteroanterior view of the ehest. B. Standard lateral view of the heart. 















Regional anatomy * Mediastinum 


3 


Coronary sulcus 


Right eoronary artery 


Small eardiae vein 


A 



Great eardiae vein 


Anterior interventricular sulcus 


Anterior interventricular braneh 
of left eoronary artery 


Great eardiae vein 


Circumflex braneh of 
left eoronary artery 


Coronary sulcus 


Ooronary sinus 


Middle eardiae vein 



B 


Small eardiae vein 


Right eoronary artery 


Posterior interventricular su!cus 


Posterior interventricular braneh 
of right eoronary artery 


Fig. 3.61 Sulci of the heart. A. Anterior surface of the heart. B. Diaphragmatie surface and base of the heart. 
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These sulci are continuous inferiorly, just to the right of 
the apex of the heart. 

Cardiac ehambers 

The heart functionally eonsists of two pumps separated by 
a partition (Fig. 3.62A). The right pump reeeives deoxy- 
genated blood from the body and sends it to the lungs. The 
left pump reeeives oxygenated blood from the lungs and 
sends it to the body. Eaeh pump eonsists of an atrium and 
a ventriele separated by a valve. 


The thin-walled atria reeeive blood eoming into the 
heart, whereas the relatively thick-walled ventrieles pump 
blood out of the heart. 

More foree is required to pump blood through the body 
than through the lungs, so the muscular wall of the left 
ventriele is thieker than the right. 

Interatrial, interventricular, and atrioventricular septa 
separate the four ehambers of the heart (Fig. 3.62B). The 
internal anatomy of eaeh ehamber is eritieal to its 
function. 
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Fig. 3.62 A. The heart has two pumps. B. Magnetie resonanee image of midthorax showing all four ehambers and septa. 
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Right atrium 

In the anatomieal position, the right border of the heart is 
formed by the right atrium. This ehamber also eontrib- 
utes to the right portion of the heart’s anterior surface. 

Blood returning to the right atrhim enters through one 
of three vessels. These are: 

the superior and inferior venae eavae, which together 
deliver blood to the heart from the body; and 
the eoronary sinus, which returns blood from the walls 
of the heart itself. 

The superior vena eava enters the upper posterior 
portion of the right atrium, and the inferior vena eava and 
eoronary sinus enter the lower posterior portion of the 
right atrium. 

From the right atrium, blood passes into the right ven- 
triele through the right atrioventricular orifiee. This 


opening faees forward and medially and is elosed during 
ventricular eontraetion by the tricuspid valve. 

The interior of the right atrhim is divided into two eon- 
tinuous spaees. Externally, this separation is indieated by a 
shallow, vertieal groove (the sulcus terminalis eordis), 
which extends from the right side of the opening of the 
superior vena eava to the right side of the opening of the 
inferior vena eava. Internally, this division is indieated 
by the erista terminalis (Fig. 3.63), which is a smooth, 
muscular ridge that begins on the roof of the atrium just 
in front of the opening of the superior vena eava and 
extends down the lateral wall to the anterior lip of the 
inferior vena eava. 

The spaee posterior to the erista is the sinus of venae 
eavae and is derived embryologieally from the right horn 
of the sinus venosus. This eomponent of the right atrium 
has smooth, thin walls, and both venae eavae empty into 
this spaee. 
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Fig. 3.63 Internal view of right atrium. 


191 














Thorax 



The spaee anterior to the erista, including the right 
auricle, is sometimes referred to as the atriiim proper. 
This terminology is based on its origin from the embryonie 
primitive atrium. Its walls are eovered by ridges ealled the 
musculi peetinati (peetinate muscles), which fan out 
from the erista like the “teeth of a eomb.” These ridges 
are also found in the right auricle, which is an ear-like, 
eonieal, muscular pouch that externally overlaps the 
aseending aorta. 

An additional structure in the right atrium is the 
opening of the eoronary sinus, which reeeives blood 
from most of the eardiae veins and opens medially to the 
opening of the inferior vena eava. Assoeiated with 
these openings are small folds of tissue derived from the 
valve of the embryonie sinus venosus (the valve of the 
eoronary sinus and the valve of inferior vena eava, 
respeetively). During development, the valve of the inferior 
vena eava helps direet ineoming oxygenated blood through 
the foramen ovale and into the left atrium. 

Separating the right atrium from the left atrium is the 
interatrial septum, which faees forward and to the right 
because the left atrium lies posteriorly and to the left of the 
right atrium. A depression is elearly visible in the septum 
just above the orifiee of the inferior vena eava. This is the 
fossa ovalis (oval fossa), with its prominent margin, the 
limbus fossa ovalis (border of the oval fossa). 

The fossa ovalis marks the loeation of the embryonie 
foramen ovale, which is an important part of fetal circu- 
lation. The foramen ovale allows oxygenated blood enter- 
ing the right atrium through the inferior vena eava to pass 
direetly to the left atrium and so bypass the lungs, which 
are nonfunctional before birth. 

Finally, numerous small openings—the openings of 
the smallest eardiae veins (the foramina of the venae 
eordis minimae) —are seattered along the walls of the 
right atrium. These are small veins that drain the myoear- 
dium direetly into the right atrium. 

Right ventriele 

In the anatomieal position, the right ventriele forms most 
of the anterior surface of the heart and a portion of the 
diaphragmatie surface. The right atrium is to the right of 
the right ventriele and the right ventriele is loeated in front 
of and to the left of the right atrioventricular orifiee. Blood 
entering the right ventriele from the right atrium therefore 
moves in a horizontal and forward direetion. 

The outflow traet of the right ventriele, which leads to 
the pulmonary trunk, is the conus arteriosus (infun- 
dibulum). This area has smooth walls and derives from 
the embryonie bulbus eordis. 

The walls of the inflow portion of the right ventriele 
192 have numerous muscular, irregular structures ealled 


trabeculae earneae (Fig. 3.64). Most of these are either 
attaehed to the ventricular walls throughout their length, 
forming ridges, or attaehed at both ends, forming bridges. 

A few trabeculae earneae (papillary muscles) have 
only one end attaehed to the ventricular surface, while the 
other end serves as the point of attaehment for tendon-like 
fibrous eords (the ehordae tendineae), which eonneet to 
the free edges of the cusps of the tricuspid valve. 

There are three papillary muscles in the right ventriele. 
Named relative to their point of origin on the ventricular 
surface, they are the anterior, posterior, and septal papil- 
lary muscles: 

■ The anterior papillary muscle is the largest and most 
eonstant papillary muscle, and arises from the anterior 
wall of the ventriele. 

The posterior papillary muscle may eonsist of one, 
two, or three structures, with some ehordae tendineae 
arising direetly from the ventricular wall. 

■ The septal papillary muscle is the most ineonsis- 
tent papillary muscle, being either small or absent, 
with ehordae tendineae emerging direetly from the 
septal wall. 

A single speeialized trabeculum, the septomarginal 
trabecula (moderator band), forms a bridge between 
the lower portion of the interventricular septum and 
the base of the anterior papillary muscle. The septomar- 
ginal trabecula earries a portion of the eardiae conduction 
system, the right bundle of the atrioventricular bundle, to 
the anterior wall of the right ventriele. 

Tricuspid valve 

The right atrioventricular orifiee is elosed during ventricu- 
lar eontraetion by the tricuspid valve (right atrioven- 
tricular valve), so named because it usually eonsists of 
three cusps or leaflets (Fig. 3.64). The base of eaeh cusp is 
secured to the fibrous ring that surrounds the atrioven- 
tricular orifiee. This fibrous ring helps to maintain the 
shape of the opening. The cusps are continuous with eaeh 
other near their bases at sites termed commissures. 

The naming of the three cusps, the anterior, septal, 
and posterior cusps, is based on their relative position in 
the right ventriele. The free margins of the cusps are 
attaehed to the ehordae tendineae, which arise from the 
tips of the papillary muscles. 

During filling of the right ventriele, the tricuspid 
valve is open, and the three cusps projeet into the right 
ventriele. 

Without the presenee of a eompensating meehanism, 
when the ventricular musculature eontraets, the valve 
cusps would be foreed upward with the flow of blood and 
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Fig. 3.64 Internal view of the right ventriele. 


blood would move baek into the right atrium. However, 
eontraetion of the papillary muscles attaehed to the cusps 
by ehordae tendineae pre vents the cusps from being e verted 
into the right atrium. 

Simply put, the papillary muscles and assoeiated 
ehordae tendineae keep the valves elosed during the 
dramatie ehanges in ventricular size that occur during 
eontraetion. 

In addition, ehordae tendineae from two papillary 
muscles attaeh to eaeh cusp. This helps prevent separation 
of the cusps during ventricular eontraetion. Proper elosing 
of the tricuspid valve causes blood to exit the right ventriele 
and move into the pulmonary trunk. 

Neerosis of a papillary muscle following a myoeardial 
infaretion (heart attaek) may result in prolapse of the 
related valve. 

Pulmonary valve 

At the apex of the infundibulum, the outflow traet of the 
right ventriele, the opening into the pulmonary trunk 


is elosed by the pulmonary valve (Fig. 3.64), which 
eonsists of three semilunar cusps with free edges pro- 
jeeting upward into the lumen of the pulmonary trunk. 
The free superior edge of eaeh cusp has a middle, thiek- 
ened portion, the nodule of the semilunar cusp, and 
a thin lateral portion, the lunula of the semilunar cusp 

(Fig. 3.65). 

The cusps are named the left, right, and anterior 
semilunar cusps, relative to their fetal position before 
rotation of the outflow traets from the ventrieles is eom- 
plete. Eaeh cusp forms a poeket-like sinus (Fig. 3.65) —a 
dilation in the wall of the initial portion of the pulmonary 
trunk. After ventricular eontraetion, the reeoil of blood fìlls 
these pulmonary sinuses and forees the cusps elosed. 
This prevents blood in the pulmonary trunk from refìlling 
the right ventriele. 

Left atrium 

The left atrium forms most of the base or posterior surface 
of the heart. 
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Fig.3.65 Posterior view of the pulmonary valve. 


Left ventriele 

Theleft ventriele lies anterior to the left atrium. It eontrib- 
utes to the anterior, diaphragmatie, and left pulmonary 
surfaces of the heart, and forms the apex. 

Blood enters the ventriele through the left atrioven- 
trieiilar orifiee and flows in a forward direetion to the 
apex. The ehamber itself is eonieal, is longer than the right 
ventriele, and has the thiekest layer of myocardium. The 
outflow traet (the aortie vestibule) is posterior to the 
infundibulum of the right ventriele, has smooth walls, and 
is derived from the embryonie bulbus eordis. 

The trabeculae earneae in the left ventriele are fìne 
and delieate in eontrast to those in the right ventriele. 
The general appearanee of the trabeculae with muscular 
ridges and bridges is similar to that of the right ventriele 
(Fig. 3.67). 

Papillary muscles, together with ehordae tendineae, are 
also observed and their structure is as deseribed above for 
the right ventriele. Two papillary muscles, the anterior 
and posterior papillary muscles, are usually found in 
the left ventriele and are larger than those of the right 
ventriele. 

In the anatomieal position, the left ventriele is some- 
what posterior to the right ventriele. The interventricular 
septum therefore forms the anterior wall and some of the 
wall on the right side of the left ventriele. The septum is 
deseribed as having two parts: 


As with the right atrium, the left atrium is derived 
embryologieally from two structures. 


a muscular part, and 
a membranous part. 


The posterior half, or inflow portion, reeeives the four 
pulmonary veins (Fig. 3.66). It has smooth walls and 
derives from the proximal parts of the pulmonary veins 
that are ineorporated into the left atrium during 
development. 

The anterior half is continuous with the left auricle. It 
eontains musculi peetinati and derives from the embry- 
onie primitive atrium. Unlike the erista terminalis in the 
right atrium, no distinet structure separates the two 
eomponents of the left atrium. 

The interatrial septum is part of the anterior wall of the 
left atrium. The thin area or depression in the septum is 
the valve of the foramen ovale and is opposite the floor of 
the fossa ovalis in the right atrium. 

During development, the valve of the foramen ovale 
prevents blood from passing from the left atrium to the 
right atrium. This valve may not be eompletely fused in 
some adults, leaving a u probe patent” passage between the 
right atrium and the left atrium. 


The muscular part is thiek and forms the major part of 
the septum, whereas the membranous part is the thin, 
upper part of the septum. A third part of the septum may 
be eonsidered an atrioventricular part because of its posi- 
tion above the septal cusp of the tricuspid valve. This supe- 
rior loeation plaees this part of the septum between the left 
ventriele and right atrium. 

Mitral valve 

The left atrioventricular orifìee opens into the posterior 
right side of the superior part of the left ventriele. It is 
elosed during ventricular eontraetion by the mitral valve 
(left atrioventricular valve), which is also referred to 
as the bicuspid valve because it has two cusps, the ante- 
rior and posterior cusps (Fig. 3.67). The bases of the 
cusps are secured to a fìbrous ring surrounding the 
opening, and the cusps are continuous with eaeh other 
at the commissures. The eoordinated aetion of the papil- 
lary muscles and ehordae tendineae is as deseribed for the 
right ventriele. 
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Fig. 3.66 Left atrium. A. Internal view. B. Axial computed tomography image showing the pulmonary veins entering the left atrium. 
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Fig. 3.67 Internal view of the left ventriele. 


Aortie valve 

The aortie vestibule, or outflow traet of the left ventriele, 
is continuous superiorly with the aseending aorta. The 
opening from the left ventriele into the aorta is elosed by 
the aortie valve. This valve is similar in structure to the 
pulmonary valve. It eonsists of three semilimar cusps 
with the free edge of eaeh projeeting upward into the 
lumen of the aseending aorta (Fig. 3.68). 

Between the semilunar cusps and the wall of the 
aseending aorta are poeket-like sinuses—the right, left, 
and posterior aortie sinuses. The right and left eoro- 
nary arteries originate from the right and left aortie 
sinuses. Because of this, the posterior aortie sinus and 
cusp are sometimes referred to as the noneoronary 
sinus and cusp. 

The functioning of the aortie valve is similar to that of 
the pulmonary valve with one important additional 
proeess: as blood reeoils after ventricular eontraetion and 
fills the aortie sinuses, it is automatically foreed into the 
eoronary arteries because these vessels originate from the 
196 right and left aortie sinuses. 
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Fig. 3.68 Anterior view of the aortie valve. 
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ln the elinie 

Valve disease 

Valve problems eonsist of two basie types: 

■ ineompetenee (insoffieieney), which results from 
poorly functioning valves; and 

■ stenosis, a narrowing of the orifiee, caused by the 
valve's inability to open fully. 

Mitral valve disease is usually a mixed pattern of 
stenosis and ineompetenee, one of which usually 
predominates. Both stenosis and ineompetenee lead to 
a poorly functioning valve and subsequent heart 
ehanges, which include: 

■ left ventricular hypertrophy (this is appreeiably less 
marked in patients with mitral stenosis); 

■ inereased pulmonary venous pressure; 

■ pulmonary edema; and 

■ enlargement (dilation) and hypertrophy of the 
left atrium. 

Aortie valve disease —both aortie stenosis and 
aortie regurgitation (backflow) ean produce marked 
heart failure. 

Valve disease in the right side of the heart 
(affeeting the tricuspid or pulmonary valve) is most 
likely caused by infeetion. The resulting valve 
dysfunction produces abnormal pressure ehanges in the 
right atrium and right ventriele, and these ean induce 
eardiae failure. 


Cardiac skeleton 

The eardiae skeleton is a eolleetion of dense, fibrous eon- 
neetive tissue in the form of four rings with intereonneet- 
ing areas in a plane between the atria and the ventrieles. 
The four rings of the eardiae skeleton surround the two 
atrioventricular orifiees, the aortie orifiee and opening of 
the pulmonary tranks. They are the anulus fíbrosus. The 
intereonneeting areas include: 

■ the right fibrous trigone, which is a thiekened area of 
eonneetive tissue between the aortie ring and right 
atrioventricular ring; and 

■ the left fibrous trigone, which is a thiekened area of 
eonneetive tissue between the aortie ring and the left 
atrioventricular ring (Fig. 3.69). 

The eardiae skeleton helps maintain the integrity of the 
openings it surrounds and provides points of attaehment 
for the cusps. It also separates the atrial musculature from 
the ventricular musculature. The atrial myocardium origi- 
nates from the upper border of the rings, whereas the ven- 
tricular myocardium originates from the lower border of 
the rings. 

The eardiae skeleton also serves as a dense eonneetive 
tissue partition that eleetrieally isolates the atria from 
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Fig.3.69 Cardiac skeleton (atria removed). 
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the ventrieles. The atrioventricular bundle, which passes 
throughthe anulus, is the single eonneetion between these 
two groups of myocardium. 

Coronary vasculature 

Two eoronary arteries arise from the aortie sinuses in the 
initial portion of the aseending aorta and supply the 
muscle and other tissues of the heart. They eirele the heart 
in the eoronary sulcus, with marginal and interventricular 
branehes, in the interventricular sulci, eonverging toward 
the apex of the heart (Fig. 3.70). 

The returning venous blood passes through eardiae 
veins, most of which empty into the eoronary sinus. This 
large venous structure is loeated in the eoronary sulcus on 
the posterior surface of the heart between the left atrium 
and left ventriele. The eoronary sinus empties into the right 
atrium between the opening of the inferior vena eava and 
the right atrioventricular orifiee. 

Coronary arteries 

Right eoronary artery. The right eoronary artery origi- 
nates from the right aortie sinus of the aseending aorta. It 
passes anteriorly and then deseends vertieally in the eoro- 
nary sulcus, between the right atrium and right ventriele 
(Fig. 3.71A). On reaehing the inferior margin of the heart, 
it turns posteriorly and continues in the sulcus onto the 
diaphragmatie surface and base of the heart. During this 
course, several branehes arise from the main stem of the 
vessel: 

■ An early atrial braneh passes in the groove between 
the right auricle and aseending aorta, and gives off 
the sinu-atrial nodal braneh (Fig. 3.71A), which 
passes posteriorly around the superior vena eava to 
supply the sinu-atrial node. 

A right marginal braneh is given off as the right eoro- 
nary artery approaehes the inferior (acute) margin of 
the heart (Fig. 3.71 A,B) and continues along this border 
toward the apex of the heart. 

As the right eoronary artery continues on the base/ 
diaphragmatie surface of the heart, it supplies a small 
braneh to the atrioventricular node before giving 
off its final major braneh, the posterior interventrie- 
ular braneh (Fig. 3.71A), which lies in the posterior 
interventricular sulcus. 


The right eoronary artery supplies the right atrium 
and right ventriele, the sinu-atrial and atrioventricular 
nodes, the interatrial septum, a portion of the left atrium, 
the posteroinferior one third of the interventricular 
septum, and a portion of the posterior part of the left 
ventriele. 

Left eoronary artery. The left eoronary artery originates 
from the left aortie sinus of the aseending aorta. It passes 
between the pulmonary trunk and the left auricle before 
entering the eoronary sulcus. Emerging from behind the 
pulmonary trunk, the artery divides into its two terminal 
branehes, the anterior interventricular and the circumflex 

(Fig. 3.71A). 

■ The anterior interventricular braneh (left ante- 
rior deseending artery—LAD) (Fig. 3.71 A.C) eontin- 
ues around the left side of the pulmonary tmnk and 
deseends obliquely toward the apex of the heart in the 
anterior interventricular sulcus (Fig. 3.71 A*C). During 
its course, one or two large diagonal branehes may 
arise and deseend diagonally aeross the anterior surface 
of the left ventriele. 

The circumflex braneh (Fig. 3.71 A,C) courses toward 
the left, in the eoronary sulcus and onto the base/ 
diaphragmatie surface of the heart, and usually ends 
before reaehing the posterior interventricular sulcus. A 
large braneh, the left marginal artery (Fig. 3.71A,C), 
usually arises from it and continues aeross the rounded 
obtuse margin of the heart. 

The distribution pattern of the left eoronary artery 
enables it to supply most of the left atrium and left ventri- 
ele, and most of the interventricular septum, including the 
atrioventricular bundle and its branehes. 

Variations in the distribution patterns of eoronary arter- 
ies. Several major variations in the basie distribution pat- 
terns of the eoronary arteries occur. 

The distribution pattern deseribed above for both right 
and left eoronary arteries is the most eommon and eon- 
sists of a right dominant eoronary artery. This means 
that the posterior interventricular braneh arises from 
the right eoronary artery. The right eoronary artery 
therefore supplies a large portion of the posterior wall 
of the left ventriele and the circumflex braneh of the left 
eoronary artery is relatively small. 
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Fig. 3.70 Cardiac vasculature. A. Anterior view. B. Superior view (atria removed). 
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Fig.3.71 A. Anterior view of eoronary arterial system. Right dominant eoronary artery. B. Left anterior oblique view of right eoronary 
artery. C. Right anterior oblique view of left eoronary artery. 
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Fig. 3.72 Left dominant eoronary artery. 


In eontrast, in hearts with a left dominant eoronary 
artery, the posterior interventricular braneh arises 
from an enlarged circumflex braneh and supplies 
most of the posterior wall of the left ventriele 

(Fig. 3.72). 

Another point of variation relates to the arterial supply 
to the sinu-atrial and atrioventricular nodes. In most 
eases, these two structures are supplied by the right 
eoronary artery. However, vessels from the circumflex 
braneh of the left eoronary artery oeeasionally supply 
these structures. 


In the elinie 

Ginieal terminology f or eoronary arteries 

In praetiee, physieians use alternative names for the 
eoronary vessels. The short left eoronary artery is 
referred to as the left main stem vessel. One of its 
primary branehes, the anterior interventricular artery, is 
termed the left anterior deseending artery (LAD). 
Similarly, the terminal braneh of the right eoronary 
artery, the posterior interventricular artery, is termed 
the posterior deseending artery (PDA). 
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ln the elinie 

Heart attaek 

A heart attaek occurs when the perfusion to the 
myocardium is insufficient to meet the metabolie needs 
of the tissue, leading to irreversible tissue damage. The 
most eommon cause is a total occlusion of a major 
eoronary artery. 

Goronary Artery Disease 

Occlusion of a major eoronary artery, usually due to 
atheroselerosis, leads to inadequate oxygenation of an 
area of myocardium and eell death (Fig. 3.73). The severity 
of the problem will be related to the size and loeation of 
the artery involved, whether or not the bloekage is 
eomplete, and whether there are eollateral vessels to 
provide perfusion to the territory from other vessels. 
Depending on the severity, patients ean develop pain 
(angina) ora myoeardial infaretion (Ml). 

Percutaneous Goronary Intervention 

This is a technique in which a long fìne tube (a eatheter) is 
inserted into the femoral artery in the thigh and passed 
through the external and eommon iliae arteries and into 


the abdominal aorta. It continues to be moved upward 
through the thoraeie aorta to the origins of the eoronary 
arteries. The eoronaries may also be approaehed via the 
radial or braehial arteries. A fine wire is then passed into 
the eoronary artery and is used to eross the stenosis. A 
fìne balloon is then passed over the wire and may be 
inflated at the level of the obstruction, thus widening it; 
this is termed angioplasty. More eommonly, this is 
augmented by plaeement of a fine wire mesh (a stent) 
inside the obstruction to hold it open. Other percutaneous 
interventions are suction extraction of a eoronary 
thrombus and rotary ablation of a plaque. 

Goronary Artery Bypass Grafts 

If eoronary artery disease is too extensive to be treated 
by percutaneous intervention, surgical eoronary artery 
bypass grafting may be neeessary. The great saphenous 
vein, in the lower limb, is harvested and used as a graft. 

It is divided into several pieees, eaeh of which is used to 
bypass bloeked seetions of the eoronary arteries. The 
internal thoraeie and radial arteries ean also be used. 




Anterior 

interventricular 

artery 


Anterior 

interventricular 

artery 





Fig. 3.73 A and B. Axial maximum intensity projeetion (MIP) CT image through the heart. A. Normal anterior interventricular (left 
anterior deseending) artery. B. Stenotie (ealeified) anterior interventricular (left anterior deseending) artery. C and D. Vertieal long 
axis multiplanar reformation (MRP) CT image through the heart. C. Normal anterior interventricular (left anterior deseending) artery. 
D. Stenotie (ealeified) anterior interventricular (left anterior deseending) artery. 
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ln the elinie 

Classic symptoms of heart attaek 

The typieal symptoms are ehest heaviness or pressiire, 
which ean be severe, lasting more than 20 minutes, and 
often assoeiated with sweating. The pain in the ehest 
(which may be deseribed as an "elephant sitting on my 
ehest" or by using a elenehed fist to deseribe the pain 
[Levine sign]) often radiates to the arms (left more 
eommon than the right), and ean be assoeiated with 
nausea. The severity of isehemia and infaretion depends 
on the rate at which the occlusion or stenosis has 
occurred and whether or not eollateral ehannels have 
had a ehanee to develop. 


In the elinie 

Are heart attaek symptoms the same in men 
and women? 

Although men and women ean experience the typieal 
symptoms of severe ehest pain, eold sweats, and pain in 
the left arm, women are more likely than men to have 
subtler, less reeognizable symptoms. These may include 
abdominal pain, aehiness in the jaw or baek, nausea, 
shortness of breath, or simply fatigue. The meehanism 
of this differenee is not understood, but it is important 
to eonsider eardiae isehemia for a wide range of 
symptoms. 


In the elinie 


Common eongenital heart defeets 

The most eommon abnormalities that occur during 
development are those produced by a defeet in the 
atrial and ventricular septa. 

A defeet in the interatrial septum allows blood to 
pass from one side of the heart to the other from the 
ehamber with the higher pressure; this is elinieally referred 
to as a shunt. An atrial septal defeet (ASD) allows 
oxygenated blood to flow from the left atrium (higher 
pressure) aeross the ASD into the right atrium (lower 
pressure). Many patients with ASD are asymptomatie, but 
in some eases the ASD may need to be elosed surgically or 
by endovascular deviees. Oeeasionally, inereased blood 
flow into the right atrium over many years leads to right 
atrial and right ventricular hypertrophy and enlargement 
of the pulmonary trunk, resulting in pulmonary arterial 
hypertension. 

The most eommon of all eongenital heart defeets 
are those that occur in the ventricular septum— 
ventriculoseptal defeet (VSD). These lesions are most 
frequent in the membranous portion of the septum and 
they allow blood to move from the left ventriele (higher 
pressure) to the right ventriele (lower pressure); this leads 


to right ventricular hypertrophy and pulmonary arterial 
hypertension. If large enough and left untreated, VSDs 
ean produce marked elinieal problems that might 
require surgery. 

Oeeasionally, the ductus arteriosus ; which eonneets 
the left braneh of the pulmonary artery to the inferior 
aspeet of the aortie arch r fails to elose at birth. When this 
occurs 7 the oxygenated blood in the aortie areh (higher 
pressure) passes into the left braneh of the pulmonary 
artery (lower pressure) and produces pulmonary 
hypertension. This is termed a patent or persistent 
ductus arteriosus (PDA). 

All of these defeets produce a left-to-right shunt, 
indieating that oxygenated blood from the left heart is 
being mixed with deoxygenated blood from the right 
heart before being recirculated into the pulmonary 
circulation. These shunts are normally eompatible with 
life, but surgery or endovascular treatment may be 
neeessary. 

Rarely, a shunt is right-to-left. In isolation this is fatal; 
however 7 this type of shunt is often assoeiated with other 
anomalies, so some deoxygenated blood is returned to 
the lungs and the systemie circulation. 
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ln the elinie 

Cardiac auscultation 

Auscultation of the heart reveals the normal audible 
eardiae eyele, which allows the elinieian to assess heart 
rate, rhythm, and regularity. Furthermore 7 eardiae 
murmurs that have eharaeteristie sounds within the 
phases of the eardiae eyele ean be demonstrated 
(Fig. 3.74). 


Closure of mitral Closure of aortie and 
and tricuspid valves pulmonary valves 



1 st 2nd 1 st 

Heart _ 1 _n _n 

sounds "i ub " " dub " »f ub - 

♦ SYSTOLE-* «—DIASTOLE—► +SYSTOLE* 


Fig. 3.74 Heart sounds and how they relate to valve closure, 
the eleetroeardiogram (ECG), and ventricular pressure. 


Cardiac veins 

The eoronary sinns reeeives four major tributaries: the 
great, middle, small, and posterior eardiae veins. 

Great eardiae vein. The great eardiae vein begins at 
the apex of the heart (Fig. 3.75A). It aseends in the ante- 
rior interventricular sulcus, where it is related to the ante- 
rior interventricular artery and is often termed the anterior 
interventricular vein. Reaehing the eoronary sulcus, the 
great eardiae vein turns to the left and continues onto the 
base/diaphragmatie surface of the heart. At this point, it is 
assoeiated with the circumflex braneh of the left eoronary 
artery. Continuing along its path in the eoronary sulcus, 
the great eardiae vein gradually enlarges to form the eoro- 
204 nary sinus, which enters the right atrium (Fig. 3.75B). 


Middle eardiae vein. The middle eardiae vein (posterior 
interventricular vein) begins near the apex of the heart 
and aseends in the posterior interventricular sulcus toward 
the eoronary sinus (Fig. 3.75B). It is assoeiated with the 
posterior interventricular braneh of the right or left eoro- 
nary artery throughout its course. 

Small eardiae vein. The small eardiae vein begins in the 
lower anterior seetion of the eoronary sulcus between the 
right atrhim and right ventriele (Fig. 3.75A). It continues 
in this groove onto the base/diaphragmatie surface of the 
heart where it enters the eoronary sinus at its atrial end. 
It is a eompanion of the right eoronary artery throughout 
its course and may reeeive the right marginal vein (Fig. 
3.75 A) . This small vein aeeompanies the marginal braneh 
of the right eoronary artery along the acute margin of the 
heart. If the right marginal vein does not join the small 
eardiae vein, it enters the right atrium direetly. 

Posterior eardiae vein. The posterior eardiae vein lies on 
the posterior surface of the left ventriele just to the left of 
the middle eardiae vein (Fig. 3.75B). It either enters the 
eoronary sinus direetly or joins the great eardiae vein. 

Other eardiae veins. Two additional groups of eardiae 
veins are also involved in the venous drainage of the 
heart. 

The anterior veins of the right ventriele (anterior 
eardiae veins) are small veins that arise on the anterior 
surface of the right ventriele (Fig. 3.75A). They eross 
the eoronary sulcus and enter the anterior wall of the 
right atrium. They drain the anterior portion of the 
right ventriele. The right marginal vein may be part 
of this group if it does not enter the small eardiae 
vein. 

A group of smallest eardiae veins (venae eordis 
minimae or veins of Thebesius) have also been 
deseribed. Draining direetly into the eardiae ehambers, 
they are numerous in the right atrium and right ven- 
triele, are oeeasionally assoeiated with the left atrium, 
and are rarelv assoeiated with the left ventriele. 


Coronary lymphaties 

The lymphatie vessels of the heart follow the eoronary 
arteries and drain mainly into: 

braehioeephalie nodes, anterior to the braehioeephalie 
veins; and 

■ traeheobronehial nodes, at the inferior end of the 
traehea. 
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Fig.3.75 Major eardiae veins. A. Anterior view of major eardiae veins. B. Posteroinferior view of major eardiae veins 
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Cardiac conduction system 

The musculature of the atria and ventrieles is eapable of 
eontraeting spontaneously. The cardiacconductionsystem 
initiates and eoordinates eontraetion. The conduction 
system eonsists of nodes and networks of speeialized 
cardiacmuscle eells organized into four basie eomponents: 

the sinu-atrial node, 
the atrioventricular node, 

the atrioventricular bundle with its right and left bundle 
branehes, and 

the subendocardial plexus of conduction eells (the Pur- 
kinje fibers). 

The unique distribution pattern of the eardiae conduc- 
tion system establishes an important unidirectional 
pathway of excitation/contraction. Throughout its course, 
large branehes of the conduction system are insulated 
from the surrounding myocardium by eonneetive tissue. 
This tends to deerease inappropriate stimulation and eon- 
traetion of eardiae muscle fibers. 

The number of functional eontaets between the eon- 
duction pathway and eardiae musculature greatly in- 
ereases in the subendocardial network. 

Thus, a unidirectional wave of excitation and eontrae- 
tion is established, which moves from the papillary muscles 
and apex of the ventrieles to the arterial outílow traets. 

In the elinie 

Cardiac conduction system 

The eardiae conduction system ean be affeeted by 
eoronary artery disease. The normal rhythm may be 
disturbed if the blood supply to the eoronary 
conduction system is disrupted. If a dysrhythmia affeets 
the heart rate or the order in which the ehambers 
eontraet, heart failure and death may ensue. 

Sinu-atrial node 

Impulses begin at the simi-atrial node, the eardiae 
paeemaker. This eolleetion of eells is loeated at the supe- 
rior end of the erista terminalis at the junction of the 
superior vena eava and the right atrium (Fig. 3.76A). 
This is also the junction between the parts of the right 
atrium derived from the embryonie sinus venosus and the 
atrium proper. 


The excitation signals generated by the sinu-atrial node 
spread aeross the atria, causing the muscle to eontraet. 

Atrioventricular node 

Concurrently, the wave of excitation in the atria stimulates 
the atrioventricular node, which is loeated near the 
opening of the eoronary sinus, elose to the attaehment of 
the septal cusp of the tricuspid valve, and within the atrio- 
ventricular septum (Fig. 3.76A). 

The atrioventricular node is a eolleetion of speeialized 
eells that forms the beginning of an elaborate system of 
conducting tissue, the atrioventricular bundle, which 
extends the excitatory impulse to all ventricular 
musculature. 

Atrioventricular bundle 

The atrioventricular bundle is a direet continuation 
of the atrioventricular node (Fig. 3.76A). It follows 
along the lower border of the membranous part of the 
interventricular septum before splitting into right and left 
bundles. 

The right bundle braneh continues on the right side 
of the interventricular septum toward the apex of the right 
ventriele. From the septum it enters the septomarginal tra- 
becula to reaeh the base of the anterior papillary muscle. 
At this point, it divides and is continuous with the final 
eomponent of the eardiae conduction system, the suben- 
doeardial plexus of ventricular conduction eells or Pur- 
kinje fibers. This network of speeialized eells spreads 
throughout the ventriele to supply the ventricular muscu- 
lature, including the papillary muscles. 

The left bundle braneh passes to the left side of the 
muscular interventricular septum and deseends to the 
apex of the left ventriele (Fig. 3.76B). Along its course 
it gives off branehes that eventually beeome continuous 
with the subendocardial plexus of conduction eells 
(Purkinje fibers). As with the right side, this network of 
speeialized eells spreads the excitation impulses through- 
out the left ventriele. 

Cardiac innervation 

The autonomic division of the peripheral nervous system 
is direetly responsible for regulating: 

heart rate, 

foree of eaeh eontraetion, and 
■ eardiae output. 
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Fig. 3.76 Conduction system of the heart. A. Right ehambers. B. Left ehambers. 


207 








































Thorax 



Branehes from both the parasympathetie and sympa- 
thetie systems contribute to the formation of the eardiae 
plexus. This plexus eonsists of a superfìcial part, inferior 
to the aortie areh and between it and the pulmonary trunk 
(Fig. 3.77A), and a deep part, between the aortie areh and 
the traeheal bifurcation (Fig. 3.77B). 


From the eardiae plexus, small branehes that are 
mixed nerves eontaining both sympathetie and parasym- 
pathetie fìbers supply the heart. These branehes affeet 
nodal tissue and other eomponents of the conduction 
system, eoronary blood vessels, and atrial and ventricular 
musculature. 
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Fig. 3.77 Cardiac plexus. A. SuperfìciaL B. Deep. 
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Parasympathetie innervation 

Stimulation of the parasympathetie system: 

deereases heart rate, 

reduces foree of eontraetion, and 

eonstriets the eoronary arteries. 

The preganglionie parasympathetie fibers reaeh the 
heart as eardiae branehes from the right and left vagus 
nerves. They enter the eardiae plexus and synapse in 
ganglia loeated either within the plexus or in the walls of 
the atria. 

Sympathetie innervation 

Stimulation of the sympathetie system: 

inereases heart rate, and 
■ inereases the foree of eontraetion. 

Sympathetie fibers reaeh the eardiae plexus through the 
eardiae nerves from the sympathetie trunk. Preganglionie 
sympathetie fibers from the upper four or five segments 
of the thoraeie spinal eord enter and move through the 
sympathetie trunk. They synapse in eervieal and upper 
thoraeie sympathetie ganglia, and postganglionie fibers 
proeeed as bilateral branehes from the sympathetie trunk 
to the eardiae plexus. 


Viseeral afferents 

Viseeral afferents from the heart are also a eomponent of 
the eardiae plexus. These fibers pass through the eardiae 
plexus and return to the eentral nervous system in the 
eardiae nerves from the sympathetie trunk and in the vagal 
eardiae branehes. 

The afferents assoeiated with the vagal eardiae nerves 
return to the vagus nerve [X]. They sense alterations in 
blood pressure and blood ehemistry and are therefore pri- 
marily eoneerned with eardiae reflexes. 

The afferents assoeiated with the eardiae nerves from 
the sympathetie trunks return to either the eervieal or the 
thoraeie portions of the sympathetie trunk. If they are in 
the eervieal portion of the trunk, they normally deseend to 
the thoraeie region, where they reenter the upper four or 
five thoraeie spinal eord segments, along with the afferents 
from the thoraeie region of the sympathetie trunk. Viseeral 
afferents assoeiated with the sympathetie system conduct 
pain sensation from the heart, which is deteeted at the 
eelhilar level as tissue-damaging events (i.e., eardiae 
isehemia). This pain is often ‘Teferred’’ to cutaneous 
regions supplied by the same spinal eord levels (see “In the 
elinie: Referred pain.” p. 48, and “Case 4,” pp. 243-245). 

Piilmonary trunk 

The pulmonary tmnk is eontained within the perieardial 
sae (Fig. 3.78), is eovered by the viseeral layer of serous 
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Fig. 3.78 Major vessels within the middle mediastinum. A. Anterior view. B. Posterior view. 
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perieardiiim, and is assoeiated with the aseending aorta in 
a eommon sheath. It arises from the conus arteriosus of 
the right ventriele at the opening of the pulmonary trunk 
slightly anterior to the aortie orifiee and aseends, moving 
posteriorly and to the left, lying initially anterior and then 
to the left of the aseending aorta. At approximately the 
level of the intervertebral dise between vertebrae TV and 
TVI, opposite the left border of the sternmn and posterior 
to the third left eostal eartilage, the pulmonary trunk 
divides into: 

the right pulmonary artery, which passes to the right, 
posterior to the aseending aorta and the superior vena 
eava, to enter the right lung; and 
■ the left pulmonary artery, which passes inferiorly to the 
areh of the aorta and anteriorly to the deseending aorta 
to enter the left lung. 

Aseending aorta 

The aseending aorta is eontained within the perieardial 
sae and is eovered by a viseerallayer of serous pericardium, 
which also surrounds the pulmonary trunk in a eommon 
sheath (Fig. 3.78A). 

The origin of the aseending aorta is the aortie orifiee at 
the base of the left ventriele, which is level with the lower 
edge of the third left eostal eartilage, posterior to the left 
half of the sternum. Moving superiorly, slightly forward 
and to the right, the aseending aorta continues to the level 
of the seeond right eostal eartilage. At this point, it enters 
the superior mediastinum and is then referred to as the 
areh of the aorta. 

Immediately superior to the point where the aseending 
aorta arises from the left ventriele are three small outward 
bulges opposite the semilunar cusps of the aortie valve. 
These are the posterior, right, and left aortie simises. The 
right and left eoronary arteries originate from the right 
and left aortie sinuses, respeetively. 

Other vasculature 

The inferior half of the superior vena eava is loeated 
within the perieardial sae (Fig. 3.78B). It passes through 
the fibrous pericardium at approximately the level of 
the seeond eostal eartilage and enters the right atrium 
at the lower level of the third eostal eartilage. The 
portion within the perieardial sae is eovered with serous 
pericardium except for a small area on its posterior 
surface. 

After passing through the diaphragm, at approximately 
the level of vertebra TVIII, the inferior vena eava enters 
the fibrous pericardium. A short portion of this vessel is 


within the perieardial sae before entering the right atrium. 
While within the perieardial sae, it is eovered by serous 
pericardium except for a small portion of its posterior 
surface (Fig. 3.78B). 

A very short segment of eaeh of the pulmonary veins is 
also within the perieardial sae. These veins, usually two 
from eaeh lung, pass through the fibrous pericardium and 
enter the superior region of the left atrium on its posterior 
surface. In the perieardial sae, all but a portion of the pos- 
terior surface of these veins is eovered by serous periear- 
dium. In addition, the oblique perieardial sinus is 
between the right and left pulmonary veins, within the 
perieardial sae (Fig. 3.78B). 

Siiperior mediastinum 

The superior mediastinum is posterior to the manu- 
brium of the stermim and anterior to the bodies of the first 
four thoraeie vertebrae (see Fig. 3.52). 

Its superior boundary is an oblique plane passing from 
the jugular noteh upward and posteriorly to the supe- 
rior border of vertebra TI. 

Inferiorly, a transverse plane passing from the sternal 
angle to the intervertebral dise between vertebra TIV/V 
separates it from the inferior mediastinum. 

Laterally, it is bordered by the mediastinal part of the 
parietal pleura on either side. 

The superior mediastinum is continuous with the neek 
above and with the inferior mediastinum below. 

The major structures found in the superior mediasti- 
num (Figs. 3.79 and 3.80) inehide the: 

■ thymus, 

■ right and left braehioeephalie veins, 
left superior intereostal vein, 

■ superior vena eava, 

areh of the aorta with its three large branehes, 

■ traehea, 

■ esophagus, 

■ phrenie nerves, 

■ vagus nerves, 

left recurrent laryngeal braneh of the left vagus nerve, 

■ thoraeie duct, and 

other small nerves, blood vessels, and lymphaties. 

Thymus 

The thymus is the most anterior eomponent of the supe- 
rior mediastinum, lying immediately posterior to the 
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Fig. 3.79 Structures in the superior mediastinum. 


Braehìoeephalie trunk 


Braehioeephalie trunk 


Thymys 



Ríght 


Right phrenie nerve 


vein 



Right vagus nerve 



Manubrium of sternum 


Left braehioeephalie vein 


Left phrenie nerve 


A 


Esophagus 


Thoraeie duct 


Left eommon 
earotid artery 


Left vagus nerve 


Left subclavian 



Left recurrent 
laryngeal nerve 



Left snbelavian artery 


Left eommon earotid artery 


Fig. 3.80 Cross seetion through the superior mediastinum at the level of vertebra Tlll. A. Diagram. B. Axial computed tomography image. 
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Thorax 


maniibriiim of the sternum. It is an asymmetrieal, bilobed 
structure (Fig. 3.81). 

The upper extent of the thymus ean reaeh into the 
neek as high as the thyroid gland; a lower portion 
typieally extends into the anterior mediastinum over the 
perieardial sae. 

Involved in the early development of the immune 
system, the thymus is a large structure in the ehild, begins 
to atrophy after puberty, and shows eonsiderable size varia- 
tion in the adult. In the elderly adult, it is barely identifiable 
as an organ, eonsisting mostly of fatty tissue that is some- 
times arranged as two lobulated fatty structures. 

Arteries to the thymus eonsist of small branehes origi- 
nating from the internal thoraeie arteries. Venous drain- 
age is usually into the left braehioeephalie vein and possibly 
into the internal thoraeie veins. 


Lymphatie drainage returns to multiple groups of nodes 
at one or more of the following loeations: 

along the internal thoraeie arteries (parasternal); 
at the traeheal bifurcation (traeheobronehial); and 
in the root of the neek. 

In the elinie 

Eetopie parathyroid glands in the thymiis 

The parathyroid glands develop from the third 
pharyngeal pooeh, which also forms the thymus. The 
thymus is therefore a eommon site for eetopie 
parathyroid glands and, potentially, eetopie parathyroid 
hormone production. 
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Fig. 3.81 Thymus. 


















Regional anatomy * Mediastinum 


3 


Right and left braehioeephalie veins 

The left and right braehioeephalie veins are loeated imme- 
diately posterior to the thymus. They form on eaeh side at 
the junction between the internal jugular and subclavian 
veins (see Fig. 3.79). The left braehioeephalie vein erosses 
the midline and joins with the right braehioeephalie vein 
to form the superior vena eava (Fig. 3.82). 

The right braehioeephalie vein begins posterior to 
the medial end of the right elaviele and passes vertieally 
downward, forming the superior vena eava when it is 
joined by the left braehioeephalie vein. Venous tributar- 
ies include the vertebral, fìrst posterior intereostal, and 
internal thoraeie veins. The inferior thyroid and thymie 
veins may also drain into it. 


The left braehioeephalie vein begins posterior to the 
medial end of the left elaviele. It erosses to the right, 
moving in a slightly inferior direetion, and joins with the 
right braehioeephalie vein to form the superior vena 
eava posterior to the lower edge of the right fìrst eostal 
eartilage elose to the right sternal border. Venous tribu- 
taries include the vertebral, fìrst posterior intereostal, 
left superior intereostal, inferior thyroid, and internal 
thoraeie veins. It may also reeeive thymie and periear- 
dial veins. The left braehioeephalie vein erosses the 
midline posterior to the manubrium in the adult. In 
infants and ehildren the left braehioeephalie vein rises 
above the superior border of the manubrium and there- 
fore is less proteeted. 
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Fig. 3.82 Superior mediastinum with thymus removed. 
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Left superior intereostal vein 

The left superior intereostal vein reeeives the seeond, 
third, and sometimes the fourth posterior intereostal 
veins, usually the left bronehial veins, and sometimes the 
left perieardiaeophrenie vein. It passes over the left side 


of the aortie areh, lateral to the left vagus nerve and 
medial to the left phrenie nerve, before entering the left 
braehioeephalie vein (Fig. 3.83). Inferiorly, it may eonneet 
with the aeeessory hemiazygos vein (superior hemia- 
zygos vein). 
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Fig. 3.83 Left superior intereostal vein. 
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Superior vena eava 

The vertieally oriented superior vena eava begins posterior 
to the lower edge of the right fìrst eostal eartilage, where 
the right and left braehioeephalie veins join, and termi- 
nates at the lower edge of the right third eostal eartilage, 
where it joins the right atrium (see Fig. 3.79). 

The lower half of the superior vena eava is within the 
perieardial sae and is therefore eontained in the middle 
mediastinum. 

The superior vena eava reeeives the azygos vein imme- 
diately before entering the perieardial sae and may also 
reeeive perieardial and mediastinal veins. 

The superior vena eava ean be easily visualized forming 
part of the right superolateral border of the mediastinum 
on a ehest radiograph (see Fig. 3.60A). 


In the elinie 

Venous aeeess for eentral and dialysis lines 

Large systemie veins are used to establish eentral 
venous aeeess for administering large amounts of fluid, 
drugs, and blood. Most of these lines (small-bore tubes) 
are introduced through venous puncture into the 
axillary, sobelavian, or internal jugular veins. The lines 
are then passed through the main veins of the superior 
mediastinum, with the tips of the lines usually residing 
in the distal portion of the superior vena eava or in the 
right atrium. 

Similar deviees, such as dialysis lines, are inserted 
into patients who have renal failure, so that a large 
volume of blood ean be aspirated through one ehannel 
and reinfused through a seeond ehannel. 


In the elinie 

llsing the superior vena eava to aeeess the inferior 
vena eava 

Because the superior and inferior venae eavae are 
oriented along the same vertieal axis, a guidewire, 
eatheter, or line ean be passed from the superior vena 
eava through the right atrium and into the inferior vena 
eava. This is a eommon route of aeeess for such 
procedures as: 

■ transjugular liver biopsy, 

■ transjugular intrahepatie portosystemie shunts 
(TIPS), and 

■ insertion of an inferior vena eava filter to eateh 
emboli dislodged from veins in the lower limb 
and pelvis (i.e v patients with deep vein 
thrombosis [DVT]). 


The thoraeie portion of the aorta ean be divided into 
aseending aorta, areh of the aorta, and thoraeie 
(deseending) aorta. Only the areh of the aorta is in the 
superior mediastinum. It begins when the aseending aorta 
emerges from the perieardial sae and courses upward, 
backward, and to the left as it passes through the superior 
mediastinum, ending on the left side at vertebral level 
TIV/V (see Fig. 3.79). Extending as high as the midlevel of 
the manubrium of the sternum, the areh is initially ante- 
rior and finally lateral to the traehea. 

Three branehes arise from the superior border of the 
areh of the aorta; at their origins, all three are erossed 
anteriorly by the left braehioeephalie vein. 


Areh of aorta and its branehes 
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The first braneh 

Beginning on the right, the first braneh of the areh of the 
aorta is the braehioeephalie trimk (Fig. 3.84). It is the 
largest of the three branehes and, at its point of origin 
behind the manubrium of the sternum, is slightly anterior 
to the other two branehes. It aseends slightly posteriorly 
and to the right. At the level of the upper edge of the right 
sternoclavicular joint, the braehioeephalie trunk divides 
into: 

the right eommon earotid artery, and 
the right siibelavian artery (see Fig. 3.79). 

The arteries mainly supply the right side of the head and 
neek and the right upper limb, respeetively. 

Oeeasionally, the braehioeephalie trunk has a small 
braneh, the thyroid ima artery, which contributes to the 
vascular supply of the thyroid gland. 

The seeond braneh 

The seeond braneh of the areh of the aorta is the left 
eommon earotid artery (Fig. 3.84). It arises from the 
areh immediately to the left and slightly posterior to the 


braehioeephalie trunk and aseends through the superior 
mediastinum along the left side of the traehea. 

The left eommon earotid artery supplies the left side of 
the head and neek. 

The third braneh 

The third braneh of the areh of the aorta is the left sub- 
elavian artery (Fig. 3.84). It arises from the areh of the 
aorta immediately to the left of, and slightly posterior to, 
the left eommon earotid artery and aseends through the 
superior mediastinum along the left side of the traehea. 

The left subclavian artery is the major blood supply to 
the left upper limb. 

Ligamentum arteriosum 

The ligamentum arteriosum is also in the superior 
mediastinum and is important in embryonie circulation, 
when it is a patent vessel (the ductus arteriosus). It eon- 
neets the pulmonary trunk with the areh of the aorta and 
allows blood to bypass the lungs during development 
(Fig. 3.84). The vessel eloses soon after birth and forms the 
ligamentous eonneetion observed in the adult. 
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Fig. 3.84 Superior mediastinum with thymus and venous ehannels removed 
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ln the elinie 

Coarctation of the aorta 

Coarctation of the aorta is a eongenital abnormality in 
vvhieh the aortie lumen is eonstrieted just distal to the 
origin of the left subclavian artery. At this point, the 
aorta beeomes signifieantly narrovved and the blood 
supply to the lovver limbs and abdomen is diminished. 
Over time, eollateral vessels develop around the ehest 
wall and abdomen to supply the lower body. The 
eoaretation also affeets the heart, which has to pump 
the blood at higher pressure to maintain peripheral 
perfusion. This in turn may produce eardiae failure. 


In the elinie 

Aortie areh and its anomalies 

A right-sided areh of aorta oeeasionally occurs and 
may be asymptomatie. It ean be assoeiated with 
dextrocardia (right-sided heart) and, in some instanees, 
with eomplete situs inversus (left-to-right inversion of 
the body's organs). It ean also be assoeiated with 
abnormal branehing of the great vessels. 


In the elinie In the elinie 


Thoraeie aorta 

Diffuse atheroselerosis of the thoraeie aorta may occur 
in patients with vascular disease, but this rarely 
produces symptoms. There are, however, two elinieal 
situations in which aortie pathology ean produce 
life-threatening situations. 

Trauma 

The aorta has three fixed points of attaehment: 

■ the aortie valve, 

■ the ligamentum arteriosum, and 

■ the point of passing behind the median arcuate 
ligament of the diaphragm to enter the abdomen. 

The rest of the aorta is relatively free from 
attaehment to other structures of the mediastinum. 

A serious deeeleration injury (e.g., in a road traffie 
aeeident) is most likely to cause aortie trauma at these 
fixed points. 

Aortie Disseetion 

In eertain eonditions, such as in severe arteriovascular 
disease, the wall of the aorta ean split longitodinally, 
ereating a false ehannel, which may or may not rejoin 
into the true lumen distally. This aortie disseetion occurs 
between the intima and media anywhere along its 
length. If it occurs in the aseending aorta or areh of the 
aorta, blood flow in the eoronary and eerebral arteries 
may be dismpted, resulting in myoeardial infaretion or 
stroke. In the abdomen the viseeral vessels may be 
disrupted r producing isehemia to the gut or kidneys. 


Abnormal origin of great vessels 

Great vessels oeeasionally have an abnormal origin, 
including: 

■ a eommon origin of the braehioeephalie trunk and 
the left eommon earotid artery, 

■ the left vertebral artery originating from the aortie 
areh, and 

■ the right subclavian artery originating from the 
distal portion of the aortie areh and passing 
behind the esophagus to supply the right arm—as 
a result, the great vessels form a vascular ring 
around the traehea and the esophagus, which ean 
potentially produce difficulty swallowing. 
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Traehea and esophagus 

The traehea is a midline structure that is palpable in the 
jugular noteh as it enters the superior mediastinum. 
Posterior to it is the esophagus, which is immediately ante- 
rior to the vertebral column (Fig. 3.85, and see Figs. 3.79 
and 3.80). Signifieant mobility exists in the vertieal posi- 
tioning of these structures as they pass through the 
superior mediastinum. Swallowing and breathing cause 
positional shifts, as may disease and the use of speeialized 
instmmentation. 

As the traehea and esophagus pass through the superior 
mediastinum, they are erossed laterally by the azygos vein 
on the right side and the areh of the aorta on the left side. 


The traehea divides into the right and left main bronehi 
at, or just inferior to, the transverse plane between the 
sternal angle and vertebrallevelTIV/V (Fig. 3.86), whereas 
the esophagus continues into the posterior mediastinum. 

Nerves of the superior mediastirmm 

Vagus nerves 

The vagus nerves [X] pass through the superior and 
posterior divisions of the mediastinmn on their way to 
the abdominal eavity. As they pass through the thorax, 
they provide parasympathetie innervation to the thoraeie 
viseera and earry viseeral afferents from the thoraeie 
viseera. 
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Fig. 3.85 Cross seetion through the superior mediastinum at the level of vertebra TIV. A. Diagram. B. Axial computed tomography image. 



Traehea 


Braohioeephalie 


Left braehíoeephalíe 


trunk 


eava 


Superior vena 


Areh of aorta 


TIVA/ vertebral 


main 


Right main bronchus Pulmonary trunk 


218 


Fig. 3.86 Traehea in the superior mediastinum. 

























































Regional anatomy * Mediastinum 


3 


Viseeral afferents in the vagus nerves relay information 
to the eentral nervous system about normal physiologieal 
proeesses and reflex aetivities. They do not transmit pain 
sensation. 

Right vagus nerve 

The right vagus nerve enters the superior mediastinum 
and lies between the right braehioeephalie vein and the 


braehioeephalie trunk. It deseends in a posterior direetion 
toward the traehea (Fig. 3.87), erosses the lateral surface 
of the traehea, and passes posteriorly to the root of the 
right lung to reaeh the esophagus. Just before the esopha- 
gus, it is erossed by the areh of the azygos vein. 

As the right vagus nerve passes through the superior 
mediastinum, it gives branehes to the esophagus, eardiae 
plexus, and pulmonary plexus. 
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Fig. 3.87 Right vagus nerve passing through the superior mediastinum. 
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Left vagus nerve 

The left vagus nerve enters the siiperior mediastinum 
posterior to the left braehioeephalie vein and between the 
lefteommon earotid andleft subclavian arteries (Fig. 3 . 88 ). 
Asit passes into the superior mediastinum, it lies just deep 
to the mediastinal part of the parietal pleura and erosses 
the left side of the areh of the aorta. It continues to deseend 
in a posterior direetion and passes posterior to the root of 
the left lung to reaeh the esophagus in the posterior 
mediastinum. 


As the left vagus nerve passes through the superior 
mediastinum, it gives branehes to the esophagus, the 
eardiae plexus, and the pulmonary plexus. 

The left vagus nerve also gives rise to the left recurrent 
laryngeal nerve, which arises from it at the inferior 
margin of the areh of the aorta just lateral to the ligamen- 
tum arteriosum. The left recurrent laryngeal nerve passes 
inferior to the areh of the aorta before aseending on its 
medial surface. Entering a groove between the traehea and 
esophagus, the left recurrent laryngeal nerve continues 
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Fig. 3.88 Left vagus nerve passing through the superior mediastinum. 
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superiorly to enter the neek and terminate in the larynx 

(Fig. 3.89). 

Phrenie nerves 

The phrenie nerves arise in the eervieal region mainly from 
the fourth, but also from the third and fifth, eervieal spinal 
eord segments. 

The phrenie nerves deseend through the thorax to 
supply motor and sensory innervation to the diaphragm 
and its assoeiated membranes. As they pass through the 
thorax, they provide innervation through somatie afferent 
fibers to the mediastinal pleura, fibrous pericardium, and 
parietal layer of serous pericardium. 

Right phrenie nerve 

The right phrenie nerve enters the superior mediasti- 
num lateral to the right vagus ner ve and lateral and slightly 
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Fig. 3.89 Left recurrent laryngeal nerve passing through the 
superior mediastinum. 


posterior to the beginning of the right braehioeephalie vein 
(see Fig. 3.87). It continues inferiorly along the right side 
of this vein and the right side of the superior vena eava. 

On entering the middle mediastinum, the right phrenie 
nerve deseends along the right side of the perieardial sae, 
within the fibrous perieardhim, anterior to the root of the 
right lung. The perieardiaeophrenie vessels aeeompany it 
through most of its course in the thorax (see Fig. 3.54). It 
leaves the thorax by passing through the diaphragm with 
the inferior vena eava. 

Left phrenie nerve 

The left phrenie nerve enters the superior mediastinum 
in a position similar to the path taken by the right phrenie 
nerve. It lies lateral to the left vagus nerve and lateral and 
slightly posterior to the beginning of the left braehioee- 
phalie vein (see Fig. 3.83), and continues to deseend aeross 
the left lateral surface of the areh of the aorta, passing 
superficially to the left vagus nerve and the left superior 
intereostal vein. 

On entering the middle mediastinmn, the left phrenie 
nerve follows the left side of the perieardial sae, within the 
fibrous pericardium, anterior to the root of the left lung, 
and is aeeompanied by the perieardiaeophrenie vessels (see 
Fig. 3.54). It leaves the thorax by piereing the diaphragm 
near the apex of the heart. 


In the elinie 

The vagus nerves, recurrent laryngeal nerves, 
and hoarseness 

The left recurrent laryngeal nerve is a braneh of the left 
vagus nerve. It passes between the pulmonary artery 
and the aorta, a region known elinieally as the 
aortopulmonary window, and may be eompressed in 
any patient with a pathologieal mass in this region. 

This eompression results in voeal eord paralysis and 
hoarseness of the voiee. Lymph node enlargement, 
often assoeiated with the spread of lung eaneer, is a 
eommon eondition that may produce eompression. 

Chest radiography is therefore usually earried out for all 
patients whose symptoms include a hoarse voiee. 

More superiorly, in the root of the neek, the right 
vagus nerve gives off the right recurrent laryngeal 
nerve, which "hooks" around the right subclavian artery 
as it passes over the eervieal pleura. If a patient has a 
hoarse voiee and a right voeal eord palsy is 
demonstrated at laryngoseopy, ehest radiography with 
an apieal lordotie view should be obtained to assess for 
eaneer in the right lung apex (Paneoast's tumor). 
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Thoraeie duct in the superior mediastinum 

The thoraeie duct, which is the major lymphatie vessel in 
the body, passes through the posterior portion of the supe- 
rior mediastinum (see Figs. 3.80 and 3.85). It: 

enters the superior mediastinum inferiorly, slightly to 
the left of the midline, having moved to this position just 
before leaving the posterior mediastinum opposite ver- 
tebral level TIV/V; and 

continues through the superior mediastinum, posterior 
to the areh of the aorta, and the initial portion of the 
left subclavian artery, between the esophagus and the 
left mediastinal part of the parietal pleura. 

Posterior mediastinum 

The posterior mediastinum is posterior to the periear- 
dial sae and diaphragm and anterior to the bodies of the 
mid and lower thoraeie vertebrae (see Fig. 3.52). 

■ Its superior boundary i s a transverse plane passing from 
the sternal angle to the intervertebral dise between ver- 
tebrae TIV and TV. 

Its inferior boundary is the diaphragm. 

Laterally, it is bordered by the mediastinal part of pari- 
etal pleura on either side. 

Superiorly, it is continuous with the superior 
mediastinum. 

Major structures in the posterior mediastinum 
include the: 

esophagus and its assoeiated nerve plexus, 

■ thoraeie aorta and its branehes, 

■ azygos system of veins, 

■ thoraeie duct and assoeiated lymph nodes, 
sympathetie trnnks, and 

thoraeie splanehnie nerves. 

Esophagus 

The esophagus is a muscular tube passing between the 
pharynx in the neek and the stomaeh in the abdomen. It 
begins at the inferior border of the erieoid eartilage, oppo- 
site vertebra CVI, and ends at the eardiae opening of the 
stomaeh, opposite vertebra TXI. 

The esophagus deseends on the anterior aspeet of the 
bodies of the vertebrae, generally in a midline position as 
it moves through the thorax (Fig. 3.90). As it approaehes 
the diaphragm, it moves anteriorly and to the left, erossing 
from the right side of the thoraeie aorta to eventually 
assume a position anterior to it. It then passes through the 
esophageal hiatus, an opening in the muscular part of the 
222 diaphragm, at vertebral level TX. 


The esophagus has a slight anterior-to-posterior curva- 
ture that parallels the thoraeie portion of the vertebral 
column, and is secured superiorly by its attaehment to 
the pharynx and inferiorly by its attaehment to the 
diaphragm. 

Relationships to important structures in 
the posterior mediastinum 

In the posterior mediastinum, the esophagus is related to a 
number of important structures. The right side is eovered 
by the mediastinal part of the parietal pleura. 

Posterior to the esophagus, the thoraeie duct is on the 
right side inferiorly, but erosses to the left more superiorly. 
Also on the left side of the esophagus is the thoraeie aorta. 

Anterior to the esophagus, below the level of the tra- 
eheal bifurcation, are the right pulmonary artery and the 
left main bronchus. The esophagus then passes immedi- 
ately posteriorly to the left atrium, separated from it only 
by pericardium. Inferior to the left atrium, the esophagus 
is related to the diaphragm. 

Structures other than the thoraeie duct posterior to the 
esophagus include portions of the hemiazygos veins, the 
rightposteriorintereostalvessels, and, near the diaphragm, 
the thoraeie aorta. 

The esophagus is a flexible, muscular tube that ean be 
eompressed or narrowed by surrounding structures at four 
loeations (Fig. 3.91): 

the junction of the esophagus with the pharynx in 
the neek; 

in the superior mediastinum where the esophagus is 

erossed by the areh of the aorta; 

in the posterior mediastinum where the esophagus is 

eompressed by the left main bronchus; 

in the posterior mediastinum at the esophageal hiatus 

in the diaphragm. 

These eonstrietions have important elinieal eonse- 
quences. For example, a swallowed objeet is most likely to 
lodge at a eonstrieted area. An ingested eorrosive sub- 
stanee would move more slowly through a narrowed 
region, causing more damage at this site than elsewhere 
along the esophagus. Also, eonstrietions present problems 
during the passage of instruments. 

Arterial supply and venous 
and lymphatie drainage 

The arterial supply and venous drainage of the esopha- 
gus in the posterior mediastinum involve many vessels. 
Esophageal arteries arise from the thoraeie aorta, bron- 
ehial arteries, and aseending branehes of the left gastrie 
artery in the abdomen. 
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Fig. 3.90 Esophagus. 


Venous drainage involves small vessels returning to the 
azygos vein, hemiazygos vein, and esophageal branehes to 
the left gastrie vein in the abdomen. 

Lymphatie drainage of the esophagus in the posterior 
mediastinum returns to posterior mediastinal and left 
gastrie nodes. 

Innervation 

Innervation of the esophagus, in general, is complex. 
Esophageal branehes arise from the vagus nerves and sym- 
pathetie tranks. 

Striated muscle fìbers in the superior portion of the 
esophagus originate from the branehial arehes and are 
innervated by branehial efferents from the vagus nerves. 


Smooth muscle fibers are innervated by eomponents of 
the parasympathetie part of the autonomic division of the 
peripheral nervous system, viseeral efferents from the 
vagus nerves. These are preganglionie fibers that synapse 
in the myenterie and submucosal plexuses of the enterie 
nervous system in the esophageal wall. 

Sensory innervation of the esophagus involves viseeral 
afferent fibers originating in the vagus nerves, sympathetie 
tranks, and splanehnie nerves. 

The viseeral afferents from the vagus nerves are 
involved in relaying information baek to the eentral 
nervous system about normal physiologieal proeesses and 
reflex aetivities. They are not involved in the relay of pain 
reeognition. 
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Fig.3.91 Sites of normal esophageal eonstrietions. 


The viseeral afferents that pass through the sympa- 
thetie trunks and the splanehnie nerves are the primary 
partieipants in deteetion of esophageal pain and transmis- 
sion of this information to various levels of the eentral 
nervous system. 

Esophageal plexus 

After passing posteriorly to the root of the lungs, the right 
and left vagus nerves approaeh the esophagus. As they 
reaeh the esophagus, eaeh nerve divides into several 
branehes that spread over this structure, forming the 
esophageal plexus (Fig. 3.92). There is some mixing of 
fibers from the two vagus nerves as the plexus continues 
inferiorly on the esophagus toward the diaphragm. Just 
above the diaphragm, fibers of the plexus eonverge to form 
two trunks: 

the anterior vagal trunk on the anterior surface of 
the esophagus, mainly from fibers originally in the left 
vagus nerve; 

the posterior vagal trunk on the posterior surface of 
the esophagus, mainly from fibers originally in the right 
vagus nerve. 


Esophagys 


Right vagus 


Esophageal 

plexus 


Posterior vagal 

trunk 


Left vagus nerve 



trunk 


Fig. 3.92 Esophageal plexus. 


The vagal trnnks continue on the surface of the esopha- 
gus as it passes through the diaphragm into the abdomen. 


In the elinie 
Esophageal eaneer 

When patients present with esophageal eaneer, it is 
important to note which portion of the esophagus 
eontains the tumor because tumor loeation determines 
the sites to which the disease will spread. 

Esophageal eaneer spreads quickly to lymphaties, 
draining to lymph nodes in the neek and around the 
eeliae artery. Endoseopy or barium swallow is used to 
assess the site. CT and MRI may be neeessary to stage 
the disease. 

Onee the extent of the disease has been assessed, 
treatment ean be planned. 
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ln the elinie 

Esophageal rupture 

The first ease of esophageal rupture was deseribed by 
Herman Boerhaave in 1724. This ease was fatal, but 
early diagnosis has inereased the survival rate up to 
65%. If the disease is left untreated r mortality is 100%. 

Typieally, the rupture occurs in the lower third of 
the esophagus with a sudden rise in intraluminal 
esophageal pressure produced by vomiting seeondary 
to an uncoordination and failure of the cricopharyngeus 
muscle to relax. Because the tears typieally occur on the 
left, they are often assoeiated with a large left pleural 
effusion that eontains the gastrie eontents. In some 
patients, subcutaneous emphysema may be 
demonstrated. 

Treatment is optimal with urgent surgical repair. 


Thoraeie aorta 

The thoraeie portion of the deseending aorta (thoraeie 
aorta) begins at the lower edge of vertebra TIV, where it is 
continuous with the areh of the aorta. It ends anterior to 
the lower edge of vertebra TXII, where it passes through 
the aortie hiatus posterior to the diaphragm. Situated 
to the left of the vertebral column superiorly, it approaehes 
the midline inferiorly, lying direetly anterior to the lower 
thoraeie vertebral bodies (Fig. 3.93). Throughout its 
course, it gives off a number of branehes, which are sum- 
marized in Table 3.3. 
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Fig. 3.93 Thoraeie aorta and branehes. 


Table 3.3 Branehes of the thoraeie aorta 


Branehes 

Perieardial branehes 
Bronehial branehes 

Esophageal branehes 


Mediastinal branehes 

Posterior intereostal arteries 


Superior phrenie arteries 
Subcostal artery 


Origin and course 

A few small vessels to the posterior surface of the perieardial sae 

Vary in number, size, and origin—usually, two left bronehial arteries from the thoraeie aorta and one 
right bronehial artery from the third posterior intereostal artery or the superior left bronehial artery 

Four or five vessels from the anterior aspeet of the thoraeie aorta, which form a continuous 
anastomotie ehain—anastomotie eonneetions include esophageal branehes of the inferior thyroid 
artery superiorly, and esophageal branehes of the left inferior phrenie and the leftgastrie arteries 
inferiorly 

Several small branehes supplying lymph nodes, vessels, nerves, and areolar tissue in the posterior 
mediastinum 

Usually, nine pairs of vessels branehing from the posterior surface of the thoraeie aorta—usually supply 
lower nine intereostal spaees (firsttwo spaees are supplied by the supreme intereostal artery—a 
braneh of the eostoeervieal trunk) 

Small vessels from the lower part of the thoraeie aorta supplying the posterior part of the superior 
surface of the diaphragm—they anastomose with the musculophrenic and perieardiaeophrenie arteries 

The lowest pair of branehes from the thoraeie aorta loeated inferior to rib XII 
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Azygos system of veins 

The azygos system of veins eonsists of a series of longitu- 
dinal vessels on eaeh side of the body that drain blood from 
the body wall and move it superiorly to empty into the 
superior vena eava. Blood from some of the thoraeie viseera 


may also enter the system, and there are anastomotie eon- 
neetions with abdominal veins. 

The longitudinal vessels may or may not be continuous 
and are eonneeted to eaeh other from side to side at various 
points throughout their course (Fig. 3.94). 
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Fig. 3.94 Azygos system of veins. 
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The azygos system of veins serves as an important anas- 
tomotie pathway eapable of returning venous blood from 
the lower part of the body to the heart if the inferior vena 
eava is bloeked. 

The major veins in the system are: 

the azygos vein, on the right; and 

the hemiazygos vein and the aeeessory hemiazygos vein, 

on the left. 

There is signifieant variation in the origin, course, tribu- 
taries, anastomoses, and termination of these vessels. 

Azygos vein 

The azygos vein arises opposite vertebra LI or LII at the 
junction between the right aseending lumbar vein and 
the right subcostal vein (Fig. 3.94). It may also arise as 
a direet braneh of the inferior vena eava, which is joined 
by a eommon trunk from the junction of the right aseend- 
ing lumbar vein and the right subcostal vein. 

The azygos vein enters the thorax through the aortie 
hiatus of the diaphragm, or it enters through or posterior 
to the right crus of the diaphragm. It aseends through the 
posterior mediastinum, usually to the right of the thoraeie 
duct. At approximately vertebral level TIV, it arehes anteri- 
orly, over the root of the right lung, to join the superior 
vena eava before the superior vena eava enters the periear- 
dial sae. 

Tributaries of the azygos vein include: 

the right superior intereostal vein (a single vessel 
formed by the junction of the seeond, third, and fourth 
intereostal veins), 

■ fifth to eleventh right posterior intereostal veins, 
the hemiazygos vein, 

■ the aeeessory hemiazygos vein, 
esophageal veins, 

■ mediastinal veins, 
perieardial veins, and 

■ right bronehial veins. 

Hemiazygos vein 

The hemiazygos vein (inferior hemiazygos vein) 

usually arises at the junction between the left aseending 


lumbar vein and the left subcostal vein (Fig. 3.94). It 

may also arise from either of these veins alone and often 
has a eonneetion to the left renal vein. 

The hemiazygos vein usually enters the thorax through 
the left crus of the diaphragm, but may enter through the 
aortie hiatus. It aseends through the posterior mediasti- 
num, on the left side, to approximately vertebral level TIX. 
At this point, it erosses the vertebral column, posterior to 
the thoraeie aorta, esophagus, and thoraeie duct, to enter 
the azygos vein. 

Tributaries joining the hemiazygos vein include: 

■ the lowest four or five left posterior intereostal veins, 

■ esophageal veins, and 

■ mediastinal veins. 

Aeeessory hemiazygos vein 

The aeeessory hemiazygos vein (superior hemiazygos 
vein) deseends on the left side from the superior portion of 
the posterior mediastinum to approximately vertebral level 
TVIII (Fig. 3.94). At this point, it erosses the vertebral 
column to join the azygos vein, or ends in the hemiazygos 
vein, or has a eonneetion to both veins. Usually, it also has 
a eonneetion superiorly to the left superior intereostal 
vein. 

Vessels that drain into the aeeessory hemiazygos vein 
include: 

the fourth to eighth left posterior intereostal veins, and 
sometimes, the left bronehial veins. 

Thoraeie duct in the posterior mediastinum 

The thoraeie duct is the prineipal ehannel through which 
lymph from most of the body is returned to the venous 
system. It begins as a confluence of lymph trnnks in the 
abdomen, sometimes forming a saccular dilation referred 
to as the eisterna ehyli (ehyle eistern), which drains 
the abdominal viseera and walls, pelvis, perineum, and 
lower limbs. 

The thoraeie duct extends from vertebra LII to the root 
of the neek. 






Thorax 



Entering the thorax, posterior to the aorta, through the 
aortie hiatus of the diaphragm, the thoraeie duct aseends 
through the posterior mediastinum to the right of midline 
between the thoraeie aorta on the left and the azygos vein 
on the right (Fig. 3.95). It lies posterior to the diaphragm 
and the esophagus and anterior to the bodies of the 
vertebrae. 

At vertebral level TV, the thoraeie duct moves to the left 
of midline and enters the superior mediastinum. It eontin- 
ues through the superior mediastinum and into the neek. 

After being joined, in most eases, by the left jugular 
trunk, which drains the left side of the head and neek, and 


the left subclavian trunk, which drains the left upper 
limb, the thoraeie duct empties into the junction of the left 
subclavian and left internal jugular veins. 

The thoraeie duct usually reeeives the eontents from: 

the confluence of lymph tranks in the abdomen, 

deseending thoraeie lymph trunks draining the lower 

six or seven intereostal spaees on both sides, 

upper intereostal lymph trunks draining the upper left 

fìve or six intereostal spaees, 

ducts from posterior mediastinal nodes, and 

ducts from posterior diaphragmatie nodes. 
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Fig. 3.95 Thoraeie duct. 
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Sympathetie trunks 

The sympathetie tranks are an important eomponent 
of the sympathetie part of the autonomic division of the 
peripheral nervous system and are usually eonsidered a 
eomponent of the posterior mediastinum as they pass 
through the thorax. 

This portion of the sympathetie trunks eonsists of two 
parallel eords punctuated by 11 or 12 ganglia (Fig. 3.96). 
The ganglia are eonneeted to adjaeent thoraeie spinal 
nerves by white and gray rami communicantes and are 
numbered aeeording to the thoraeie spinal nerve with 
which they are assoeiated. 

In the superior portion of the posterior mediastinum, 
the trunks are anterior to the neek of the ribs. Inferiorly, 


they beeome more medial in position until they lie on the 
lateral aspeet of the vertebral bodies. The sympathetie 
trunks leave the thorax by passing posterior to the dia- 
phragm under the medial arcuate ligament or through the 
erara of the diaphragm. Throughout their course the 
tranks are eovered by parietal pleura. 

Branehes from the ganglia 

Two types of medial branehes are given off by the ganglia: 

The fìrst type includes branehes from the upper five 
ganglia. 

■ The seeond type includes branehes from the lower seven 
ganglia. 
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Fig. 3.96 Thoraeie portion of sympathetie trunks. 
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The fìrst type, which includes branehes from the upper 
five ganglia, eonsists mainly of postganglionie sympathetie 
fibers, which supply the various thoraeie viseera. These 
branehes are relatively small, and also eontain viseeral 
afferent fibers. 

The seeond type, which includes branehes from the 
lower seven ganglia, eonsists mainly of preganglionie sym- 
pathetie fibers, which supply the various abdominal and 
pelvie viseera. These branehes are large, also earry viseeral 
afferent fibers, and form the three thoraeie splanehnie 
nerves referred to as the greater, lesser, and least splaneh- 
nie nerves (Fig. 3.96). 

■ The greater splanehnie nerve on eaeh side usually 
arises from the fifth to ninth or tenth thoraeie ganglia. 
It deseends aeross the vertebral bodies moving in a 
medial direetion, passes into the abdomen through 
the crus of the diaphragm, and ends in the eeliae 
ganglion. 

■ The lesser splanehnie nerve usually arises from the 
ninth and tenth, or tenth and eleventh thoraeie ganglia. 
It deseends aeross the vertebral bodies moving in a 
medial direetion, and passes into the abdomen through 
the crus of the diaphragm to end in the aortieorenal 
ganglion. 


The least splanehnie nerve (lowest splanehnie 
nerve) usually arises from the twelfth thoraeie gan- 
glion. It deseends and passes into the abdomen through 
the crus of the diaphragm to end in the renal plexus. 

Anterior mediastinum 

The anterior mediastinum is posterior to the body of the 
sternmn and anterior to the perieardial sae (see Fig. 3.52). 

Its superior boundary is a transverse plane passing 
from the sternal angle to the intervertebral dise between 
vertebra TIV and TV, separating it from the superior 
mediastinum. 

■ Its inferior boundary is the diaphragm. 

■ Laterally, it is bordered by the mediastinal part of pari- 
etal pleura on either side. 

The major structure in the anterior mediastinum is a 
portion of thymus, deseribed previously (see Fig. 3.81). 
Also present are fat, eonneetive tissue, lymph nodes, medi- 
astinal branehes of the internal thoraeie vessels, and ster- 
noperieardial ligaments, which pass from the posterior 
surface of the body of the sternum to the fibrous 
pericardium. 
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Surface anatomy 

Thorax surface anatomy 

The ability to visualize how anatomieal structures in the 
thorax are related to surface features is fundamental to a 
physieal examination. Landmarks on the body’s surface 
ean be used to loeate deep structures and to assess function 
by auscultation and percussion. 

How to count ribs 

Knowing how to count ribs is important because different 
ribs provide palpable landmarks for the positions of deeper 


structures. To determine the loeation of speeifie ribs, 
palpate the jugular noteh at the superior extent of the 
manubrium of the sternum. Move down the sternum until 
a ridge is felt. This ridge is the sternal angle, which identi- 
fies the articulation between the manubrium of the 
sternum and the body of the sternum. The eostal eartilage 
of rib II articulates with the sternum at this loeation. Iden- 
tify rib II. Then continue counting the ribs, moving in a 
downward and lateral direetion (Fig. 3.97). 
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Fig. 3.97 Anterior view of ehest wall with the loeations of skeletal structures shown. A. In women. The loeation of the nipple relative to a 
speeifie intereostal spaee varies depending on the size of the breasts, which may not be symmetrieal. B. In men. Note the loeation of the 
nipple in the fourth intereostal spaee. 
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Siirfaee anatomy of the breast in women 

Although breasts vary in size, they are normally positioned 
on the thoraeie wall between ribs II and VI and overlie the 
peetoralis major muscles. Eaeh mammary gland extends 
superolaterally around the lower margin of the peetoralis 
major rmisele and enters the axilla (Fig. 3.98). Thisportion 
of the gland is the axillary tail or axillary proeess. The posi- 
tions of the nipple and areola vary relative to the ehest wall 
depending on breast size. 


Visualizing structures at the TIV/V 
vertebral level 

TheTIV/V vertebral level is a transverse plane that passes 
through the sternal angle on the anterior ehest wall and 
the intervertebral dise between TIV and TV vertebrae pos- 
teriorly. This plane ean easily be loeated, because the joint 
between the manubrium of the sternum and the body of 
the sternum forms a distinet bony protuberance that ean 
be palpated. At the TIV/V level (Fig. 3.99): 



Areola Nipple 



proeess 


The eostal eartilage of rib II articulates with the 
sternum. 

■ The superior mediastinmn is separated from the inferior 
mediastinum. 

■ The aseending aorta ends and the areh of the aorta 
begins. 

The areh of the aorta ends and the thoraeie aorta 
begins. 

■ The traehea bifurcates. 


Fig. 3.98 A. Close-up view of nipple and surrounding areola of 
the breast. B. Lateral view of the ehest wall of a woman showing 
the axillary proeess of the breast. 
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Fig. 3.99 Anterior view of the ehest wall of a man showing the loeations of various structures related to the TIV/V level. 
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Visualizing structures in the 
superior mediastinum 

A number of structures in the superior mediastinum in 
adults ean be visualized based on their positions relative to 
skeletal landmarks that ean be palpated through the skin 

(Fig. 3.100). 

On eaeh side, the internal jugular and subclavian 
veins join to form the braehioeephalie veins behind 
the sternal ends of the elavieles near the sternoclavicu- 
lar joints. 


The left braehioeephalie vein erosses from left to right 
behind the manubrium of the sternum. 

The braehioeephalie veins unite to form the superior 
vena eava behind the lower border of the eostal earti- 
lage of the right fìrst rib. 

The areh of the aorta begins and ends at the transverse 
plane between the sternal angle anteriorly and vertebral 
level TIV/V posteriorly. The areh may reaeh as high as 
the midlevel of the manubrium of the sternum. 
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Fig. 3.100 Anterior view of the ehest wall of a man showing the loeations of different structures in the superior mediastinum as they relate 
to the skeleton. 
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Visiializing the margins of the heart 

Surface landmarks ean be palpated to visualize the outline 
of the heart (Fig. 3.101). 

The upper limit of the heart reaehes as high as the 
third eostal eartilage on the right side of the sternum 
and the seeond intereostal spaee on the left side of the 
sternum. 

The right margin of the heart extends from the right 
third eostal eartilage to near the right sixth eostal 
eartilage. 


The left margin of the heart deseends laterally from the 
seeond intereostal spaee to the apex loeated near the 
midclavicular line in the fìfth intereostal spaee. 

The lower margin of the heart extends from the sternal 
end of the right sixth eostal eartilage to the apex in the 
fìfth intereostal spaee near the midclavicular line. 
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Fig. 3.101 Anterior view of the ehest wall of a man showing skeletal structures and the surface projeetion of the heart. 
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Where to listen for heart sounds 

To listen for valve sounds, position the stethoseope down- 
stream from the flow of blood through the valves 

(Fig. 3.102). 

The tricuspid valve is heard just to the left of the lower 
part of the stermim near the fifth intereostal spaee. 

The mitral valve is heard over the apex of the heart in 
the left fifth intereostal spaee at the midclavicular line. 
The pulmonary valve is heard over the medial end of the 
left seeond intereostal spaee. 

The aortie valve is heard over the medial end of the right 
seeond intereostal spaee. 

Visualizing the pleural eavities and lungs, 
pleural reeesses, and lung lobes and fìssures 

Palpable surface landmarks ean be used to visualize the 
normal outlines of the pleural eavities and the lungs 
and to determine the positions of the pulmonary lobes 
and fìssures. 


Superiorly, the parietal pleura projeets above the fìrst 
eostal eartilage. Anteriorly, the eostal pleura approaehes 
the midline posterior to the upper portion of the sternum. 
Posterior to the lower portion of the sternum, the left 
parietal pleura does not eome as elose to the midline as it 
does on the right side. This is because the heart bulges onto 
the left side (Fig. 3.103A). 

Inferiorly, the pleura refleets onto the diaphragm above 
the eostal margin and courses around the thoraeie wall 
following an VIII, X, XII contour (i.e., rib VIII in the mid- 
clavicular line, rib X in the midaxillary line, and vertebra 
TXII posteriorly). 

The lungs do not eompletely fìll the area surrounded 
by the pleural eavities, particularly anteriorly and 
inferiorly. 

Costomediastinal reeesses occur anteriorly, particularly 
on the left side in relationship to the heart bulge. 
Costodiaphragmatic reeesses occur inferiorly between 
the lower lung margin and the lower margin of the 
pleural eavity. 



Auscultation position Auscultation position 

for tricuspid valve for mitral valve 
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Fig. 3.102 Anterior view of the ehest wall of a man showing skeletal structures, heart, loeation ofthe heart valves, and auscultation points. 
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Fig. 3.103 Views of the ehest wall showing the surface projeetions of the lobes and the fissures of the lungs. A. Anterior view in a woman. 
On the right side, the superior, middle, and inferior lobes are illustrated. On the left side, the superior and inferior lobes are illustrated. 

B. Posterior view in a woman. On both sides, the superior and inferior lobes are illustrated. The middle lobe on the right side is not visible 
in this view. 
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In quiet respiration, the inferior margin of the lungs 
travels around the thoraeie wall following a VI, VIII, X 
contour (i.e., rib VI in the midclavicular line, rib VIII in the 
midaxillary line, and vertebra TX posteriorly). 

In the posterior view, the oblique fissure on both sides 
is loeated in the midline near the spine of vertebra TIV 
(Figs. 3.103B and 3.104A). It moves laterally in a down- 
ward direetion, erossing the fourth and fifth intereostal 
spaees and reaehes rib VI laterally. 


In the anterior view, the horizontal fissure on the right 
side follows the contour of rib IV and its eostal eartilage 
and the oblique fissures on both sides followthe contour of 
rib VI and its eostal eartilage (Fig. 3.104B). 

Where to listen for lung sounds 

The stethoseope plaeements for listening for lung sounds 
are shown in Fig. 3.105. 
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Fig. 3.104 Views of the ehest wall. A. Posterior view in a woman with arms abducted and hands positioned behind her head. On both sides, 
the superior and inferior lobes of the lungs are illustrated. When the scapula is rotated into this position, the medial border of the scapula 
parallels the position of the oblique fissure and ean be used as a guide for determining the surface projeetion of the superior and inferior 
lobes of the lungs. 
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Fig. 3.104, eont’d B. Lateral view in a man with his right arm abducted. The superior, middle, and inferior lobes of the right lung are 
illustrated. The oblique fissure begins posteriorly at the level of the spine of vertebra TIV, passes inferiorly erossing rib IV, the fourth 
intereostal spaee, and rib V. It erosses the fifth intereostal spaee at the midaxillary line and continues anteriorly along the contour of rib VI. 
The horizontal fissure erosses rib V in the midaxillary spaee and continues anteriorly, erossing the fourth intereostal spaee and following the 
contour of rib IV and its eostal eartilage to the sternum. 
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Inferior lobe of left lung 

B 

Fig. 3.105 Views of the ehest wall of a man with stethoseope plaeements for listening to the lobes of the lungs. A. Anterior views. 
B. Posterior views. 
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eiinieal eases 


Case 1 


CERVICAL RIB 

A young man has blaek areas of skin on the tips of his 
fìngers of his left hand. A elinieal diagnosis of platelet 
emboli was made and a source of the emboli sought. 

Emboli ean arise from many sources. They are elots and 
plugs of tissue, usually platelets, that are earried from a 
source to eventually reside in small vessels which they 
may occlude. Arterial emboli may arise in the heart or in 
the arteries that supply the region affeeted. In eases of 
infeeted emboli, baeteria grow on the valve and are 
showered off into the peripheral circulation. 

A neek radiograph and eoronal CT image of the neek 
demonstrates a eervieal rib (Fig. 3.106). 

Cervical ribs may produce three distinet disease entities: 

■ Arterial eompression and embolization—the eervieal 
rib (or band) on the undersurface ofthe distal portion 
ofthe sabelavian artery redaees the diameter ofthe 
vessel and allows eddy earrents to form. Platelets 
aggregate and atheroma may develop in this region. 
This debris ean be dislodged and fìow distally within 
the upper limb vessels to bloek off blood fìow to the 
fingers and the hand, a eondition ealled distal 
embolization. 

■ Tension on the T1 nerve—the T1 nerve, which normally 
passes over rib I, is also elevated by the presenee ofa 
eervieal rib; thus the patient may experience a sensory 
distarbanee over the medialaspeetofthe forearm, and 
develop wasting ofthe intrinsie muscles ofthe hand. 

■ Compression ofthe subclavian vein—this mayinduce 
axillary vein thrombosis. 

A Doppler ultrasound sean revealed marked stenosis of 
the subclavian artery at the outer border of the rib with 
abnormal flow distal to the narrowing. VVithin this region 
of abnormal flow there was evidenee of thrombus 
adherent to the vessel wall. 



Fig. 3.106 Cervical ribs. A. Neek radiograph demonstrating 
bilateral eervieal ribs. B. Coronal computed tomography 
image shovving eervieal ribs. 


This patient underwent surgical excision of the eervieal 
rib and had no further symptoms. 
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Case 2 

LUNG CANCER 

A 52-year-old man presented with headaehes and 
shortness of breath. He also eomplained of coughing 
up small volumes of blood. Ginieal examination 
revealed multiple dilated veins around the neek. 

A ehest radiograph demonstrated an elevated 
diaphragm on the right and a tumor mass, which was 
believed to be a primary bronehogenie eareinoma. 

By observing the elinieal findings and applying 
anatomieal knowledge, the site of the tumor ean be 
inferred. 


The multiple dilated veins around the neek are indieative 
of venous obstruction. The veins are dilated on both 
sides of the neek, implying that the obstmetion must be 
within a eommon vessel, the superior vena eava. Anterior 
to the superior vena eava in the right side of the ehest is 
the phrenie nerve, which supplies the diaphragm. 
Because the diaphragm is elevated, suggesting paralysis, 
it is elear that the phrenie nerve has been involved with 
the tumor. 


Case 3 

CHEST WOUND 

A 35-year-old man was shot during an armed robbery. 
The bullet entry wound was in the right fourth 
intereostal spaee, above the nipple. A ehest 
radiograph obtained on admission to the emergeney 
room demonstrated eomplete eollapse of the lung. 

A further ehest radiograph performed 20 minutes 
later demonstrated an air/f1uid level in the pleural 
eavity (Fig. 3.107). 



Fig. 3.107 Chest radiograph demonstrating an air/fluid level 
in the pleural eavity. 


Three eommon pathologieal proeesses may occur in the 
pleural eavity. 

■ Ifoir is introduced into the pleorol eovity, o 
pneumothorax develops ond the lung eollopses 
becouse ofits own elostie reeoil. The pleurol spoee fills 
with oir, which moy further eompress the lung. Most 
potients with o eollopsed lung ore unlikely to hove 
respirotory impoirment. Under eertoin eonditions, oir 
moy enter the pleurol eovity ot such o rote thot it shifts 
ond pushes the mediostinum to the opposite side of 
the ehest. This is eolled tension pneumothorax ond 
is potentiolly lethol, requiring urgent treotment by 
insertion of on intereostol tube to remove the oir. The 
eommonest couses of pneumothorox ore rib froctures 
ond positive pressure ventilotion lung domoge. 

■ The pleurol eovity moy f\H with fluid (o pleurol effusion) 
ond this eon be ossoeioted with mony diseoses 

(e.g., Iung infeetion, eoneer, obdominol sepsis). It is 
importont to ospirote fluid from these potients to 
relieve ony respirotory impoirment ond to eorry out 
loborotory tests on the fìuid to determine its noture. 

■ Severe ehest troumo eon leod to development of 
hemopneumothorox. A tube must be inserted to 
remove the blood ond oir thot hos entered the pleurol 
spoee ond prevent respirotory impoirment. 

This man needs treatment to drain either the air or fluid 
or both. 

The pleural spaee ean be aeeessed by passing a needle 
between the ribs into the pleural eavity. In a normal 
healthy adult, the pleural spaee is virtually nonexistent; 
therefore, any attempt to introduce a needle into this 

(continues) 
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Case 3 (continued) 

spaee is unlikely to succeed and the procedure may 
damage the underlying lung. 

Before any form of ehest tube is inserted, the rib must be 
well anesthetized by infiltration because its periosteum 
is extremely sensitive. The intereostal drain should pass 
direetly on top of the rib. Insertion adjaeent to the lower 
part of the rib may damage the artery, vein, and nerve, 
which lie within the neurovascular bundle. 

Appropriate sites for insertion of a ehest drain are either 
in the fourth or fìfth intereostal spaee between the 


anterior axillaryand midaxillary anatomieal lines. 

This position is determined by palpating the sternal 
angle, which is the point of articulation of rib II. Counting 
inferiorly will determine the rib number and simple 
observation will determine the positions of the anterior 
axillary and midaxillary lines. Insertion of any tube or 
needle belowthe fifth interspaee runs an appreeiable risk 
of erossing the pleural reeesses and plaeing the needle or 
the drain into either the liver or the spleen, depending 
upon which side the needle is inserted. 


Case 4 

MYOCARDIAL INFARCTION 

A 65-year-old man was admitted to the emergeney 
room with severe eentral ehest pain that radiated to 
the neek and predominantly to the left arm. He was 
overweight and a known heavy smoker. 

On examination he appeared gray and sweaty. His 
blood pressure was 74/40 mm Hg (normal range 
120/80 mm Hg). An eleetroeardiogram (ECG) was 
performed and demonstrated anterior myoeardial 
infaretion. An urgent eehoeardiograph demonstrated 
poor left ventricular function. The eardiae angiogram 


revealed an occluded vessel ( = ig. 3.108A 7 B). Another 
approaeh to evaluating eoronary arteries in patients is to 
perform maximum intensity projeetion (MIP) CT studies 

(Fig. 3.109A,B). 

This patient underwent an emergeney eoronary artery 
bypass graft and made an excellent reeovery. He has now 
lost weight r stopped smoking, and exercises regularly. 

When eardiae eells die during a myoeardial infaretion, 
pain fibers (viseeral afferents) are stimulated. These 
viseeral sensory fibers follow the course of sympathetie 
fibers that innervate the heart and enter the spinal eord 



Fig. 3.108 A. Normal left eoronary artery angiogram. B. Left eoronary artery angiogram showing deereased flow due to bloekages. 


(contiriues) 
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Case 4 (continued) 




Pain interpreted as 
originating in distribution 
of somatie sensory nerves 



Patient pereeives 
diffuse pain in 
T1-4 dermatomes 


Fig. 3.108, eont’d C. Meehanism for pereeiving heart pain in 
TT4 dermatomes. 


betvveen the Tl and TIV levels. At this level, somatie 
afferent nerves from spinal nerves T1 to T4 also enter the 
spinal eord via the posterior roots. Both types of afferents 
(viseeral and somatie) synapse with interneorons, which 
then synapse with seeond neurons whose fibers pass 
aeross the eord and then aseend to the somatosensory 
areas of the brain that represent the T1 to T4 levels. The 
brain is unable to distinguish elearly between the viseeral 
sensory distribution and the somatie sensory distribution 
and therefore the pain is interpreted as arising from the 
somatie regions rather than the viseeral organ (i.e v the 
heart; Fig. 3.108C). 

The patient was breathless because his left ventricular 
function was poor. 

When the left ventriele fails, it produces two effeets. 

■ First, the eontraetile foree is reduced. This reduces the 
pressure ofthe ejeeted blood and lowers the blood 
pressare. 

■ The left atrium has to work harder to f\U the failing left 
ventriele. This extra work inereases leftatrial pressare, 
which is refìeeted in an inereased pressare in the 
pulmonaryveins, and this subsequently ereates a 
higher pulmonary venular pressare. This rise in 
pressare will cause fluid to leak from the eapillaries 
into the pulmonary interstitium and then into the 
alveoli. Such fluid is ealled pulmonary edema and it 
markedly restriets gas exchange. Thisresults in 
shortness of breath. 

This man had a bloeked left eoronary artery, as shown in 

Fig. 3.108B. 

It is important to know which eoronary artery is bloeked. 

■ The left eoronary artery supplies the majority of the 
leftside ofthe heart. The left main stem vessel is 
approximately 2 em long and divides into the 
circumflex artery, which lies between the atriam and 
the ventriele in the eoronary sulcus, and the anterior 
interventricular artery, which is often referred to as the 
left anterior deseending artery (LAD). 

■ When the right eoronary artery is involved with arterial 

disease and occludes, assoeiated disorders ofeardiae 

rhythm often result because the sinu-atrial and the 

atrioventricular nodes derive their blood supplies 

predominantly from the right eoronary artery. 

(continues) 
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Case 4 (continued) 

When this patient sought medieal eare, his myoeardial 
function was assessed using ECG, eehoeardiography, and 
angiography. 

During a patient's initial eKamination, the physieian will 
usually assess myoeardial function. 

After obtaining a elinieal history and earrying out a 
physieal examination, a differential diagnosis for the 
cause of the malfunctioning heart is made. Objeetive 
assessment of myoeardial and valve function is obtained 
in the following ways: 

■ ECG/EKG (eleetroeardiography) — o series of 
eleetrieol troees token oroond the long ond short oxes 
of the heort thot reveol heort rote ond rhythm ond 
conduction defeets. In oddition, it demonstrotes the 
overoll function ofthe riaht ond leftsides ofthe heort 


ehomber enlorgement. Coreful observotion ofthe 
lungs will demonstrote excess floid (pulmonory 
edemo), which boilds up when the left ventriele foils 
ond eon prodoee morked respirotory eompromise ond 
deoth onless promptly treoted. 


■ Blood tests — the heort releoses enzymes doring 
myoeordiol inforetion, nomely loetote dehydrogenose 
(LDH), ereotine kinose (CK), ond osportote 
tronsominose (AST). These plosmo enzymes ore 
eosily meosored in the hospitol loborotory ond used 
to determine the diognosis ot on eorlystoge. Forther 
speeifie enzymes termed isoenzymes eon olso be 
determined (ereotine kinose MB isoenzyme [CKMB]). 
Newer tests inelode on ossessment for troponin (o 
speeifie eomponent of the myoeordiom), which is 
releosed when eordioe eells die doring myoeordiol 
inforetion. 

■ Exercise testing — potients ore eonneeted to on ECG 
monitor ond exercised on o treodmill. Areos of 
isehemio, or poor blood flow, eon be demonstroted, 
so loeolizing the voseolor obnormolity. 

Nudear medieine — tholliom (o rodiooetive X-roy 
emitter) ond its derivotives ore potossiom onologs. 

They ore used to determine oreos ofeoronory isehemio. 
Ifno oreos of myoeordiol optoke ore demonstroted 
when these sobstonees ore odministered to o potient 
the myoeordiom is deod. 

Coronary angiography — smoll orteriol eotheters ore 
moneovered from o femorol ortery puncture site 
through the femorol ortery ond oorto ond up to the 
origins ofthe eoronory vessels. X-roy eontrost mediom 
is then injeeted to demonstrote the eoronory vessels 
ond their importont bronehes. Ifthere is ony norrowing 
(stenosis), ongioplosty moy be eorried out. In 
ongioplosty tiny bolloons ore possed oeross the 
norrowed oreos ond infìoted to refoshion the vessel 
ond so prevent forther eoronory isehemio ond 
myoeordiol inforetion. 


ond points of dysfonetion. Speeifieehonges in the ECG 
relote to the oreos of the heort thot hove been involved 
in o myoeordiol inforetion. For exomple, o right 
eoronory ortery oeelosion prodoees inforetion in 
the oreo of myoeordiom itsopplies, which is 
predominontly the inferior ospeet; the inforet is 
therefore eolled on inferior myoeordiol inforetion. 

The ECG ehonges ore demonstroted in the leods thot 
visoolize the inferior ospeet ofthe myoeordiom 
(nomely, leods II, III, ond o VF). 

■ Chest radiography — reveols the size ofthe heort ond 




Fig. 3.109 Axial maximum intensity projeetion (MIP) CT image through the heart. A. Normal anterior interventricular (left anterior 
deseending) artery. B. Stenotie (ealeified) anterior interventricular (left anterior deseending) artery. 
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BROKEN PACEMAKER 

An elderly vvoman was admitted to the emergeney 
room with severe eardiae failure. She had a left-sided 
paeemaker box, which had been inserted for a eardiae 
rhythm disorder (fast atrial fibrillation) many years 
previoiisly. An ECG demonstrated fast atrial 
fibrillation. A ehest radiograph showed that the wire 
from the paeemaker had broken under the davide. 

Anatomieal knowledge of this region of the ehest 
explains why the wire broke. 

Many patients have eardiae paeemakers. A wire arises 
from the paeemaker, which lies within the subcutaneous 
tissue over the peetoralis major muscle and travels from 
the paeemaker under the skin to pieree the axillary vein 
just beneath the elaviele, lateral to the subclavius muscle. 
The wire then passes through the subclavian vein, the 
braehioeephalie vein, the superior vena eava, and the 
right atrmm, and lies on the wall of the right ventriele 
(where it ean stimulate the heart to eontraet) (Fig. 3-110). 
If the wire pierees the axillary vein direetly adjaeent to the 
subclavius muscle, it is possible that after many years of 
shoulder movement the subclavius muscle stresses and 
breaks the wire, causing the paeemaker to fail. Every 
effort is made to plaee the insertion point of the wire 
as far laterally as feasible within the first part of the 
axillary vein. 



Fig. 3.110 Chest radiograph of an individual with a paeemaker. 
The paeemaker wires ( 2 ) ean be seen traveling through the 
venous system to the heart where one ends in the right 
atrium and the other ends in the right ventriele. 
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Case 6 

COARCTATION OF THE AORTA 

A 20-year-old man visited his family doetor because 
he had a cough. A ehest radiograph demonstrated 
translucent notehes along the inferior border of ribs 
III to VI ( : ig. 3.111 ). He was referred to a eardiologist 
and a diagnosis of eoaretation of the aorta was made. 
The rib notehing was caused by dilated eollateral 
intereostal arteries. 

Coarctation of the aorta is a narrowing of the aorta distal 
to the left subclavian artery. This narrowing ean markedly 
reduce blood fìow to the lower body. Many of the vessels 
above the narrowing therefore enlarge due to the 
inereased pressure so that blood ean reaeh the aorta 
below the level of the narrowing. (lommonly, the internal 
thoraeie, superior epigastrie, and musculophrenic arteries 
enlarge anteriorly. These arteries supply the anterior 
intereostal arteries, which anastomose with the posterior 
intereostal arteries that allow blood to fìow retrogradely 
into the aorta. Enlargement of the interteostal vessels 
results in notehing of the ribs. 

The first and seeond posterior intereostal vessels are 
supplied from the eostoeervieal trunk, which arises from 
the subclavian artery proximal to the eoaretation, so do 
not enlarge and do not induce rib notehing. 



Fig. 3.111 Chest radiograph demonstrating translucent notehes 
along the inferior border of ribs III to VI. 


the vessel. Usually the blood reenters the main vessel 
wall distal to its point of entry. 

The myoeardial infaretion 

Aortie disseetion may extend retrogradely to involve the 
eoronary sinus of the right eoronary artery. Unfortunately 7 
in this patient's ease the right eoronary artery beeame 
occluded as the disseetion passed into the origin. In 
normal individuals the right eoronary artery supplies the 
anterior inferior aspeet of the myoeardiom, and this is 
evident as an anterior myoeardial infaret on an ECG. 

The isehemie left leg 


Case 7 

AORTIC DISSECTION 

A 62-year-old man was admitted tothe emergeney 
room with severe interscapular pain. His past medieal 
history indieated that he was otherwise fìt and well; 
however, it was noted he was 6' 9" and had undergone 
previous eye surgery for disloeating lenses. 

On examination the man was pale, elammy, and 
hypotensive. The pulse in his right groin was weak. 

An ECG demonstrated an inferior myoeardial 
infaretion. Serum blood tests revealed poor kidney 
function and marked aeidosis. 

The patient was transferred to the CT seanner and a 
diagnosis of aortie disseetion was made. 

Aortie disseetion is an uncommon disorder in which a 
small tear occurs within the aortie wall (Fig. 3.112). The 
aortie wall eontains three layers, an intima, a media, and 
an adventitia. A tear in the intima extends into the media 
and peels it away, forming a ehannel within the wall of 


The two ehannels within the aorta have extended 
throughout the length of the aorta into the right iliae 
system and to the level of the right femoral artery. 
Although blood fìows through these structures it often 

(continues) 
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Case 7 (continued) 

causes reduced blood flow. Henee the reduced blood 
flow into the left lower limb renders it isehemie. 

The patient beeame aeidotie. 

All eells in the body produce aeid, which is excreted in 
the urine or eonverted into water with the production of 
earbon dioxide 7 which is removed with ventilation. 
Llnfortonately, when organs beeome extremely isehemie 
they release signifieant amounts of hydrogen ions. 
Typieally, this occurs when the gut beeomes isehemie. 
With the pattern of disseetion, (1) the eeliae trunk, 
superior mesenterie artery, and inferior mesenterie artery 
ean be effeetively removed from the circulation or (2) the 
blood flow within these vessels ean be signifieantly 
impeded, rendering the gut isehemie and henee 
accounting for the relatively high hydrogen ion levels. 


Kidney isehemia 

Similarly the disseetion ean impair blood flow to the 
kidneys, which deereases their ability to function. 

Treatment 

The patient underwent emergeney surgery and survived. 
Interestingly, the height of the patient and the previous 
lens surgery would suggest a diagnosis of Marfan 
syndrome, and a series of blood tests and review of the 
family history revealed this was so. 


The true lumen surrounded 
by the eollapsed tntíma and media 


The false lumen 


Collapsed intima and media 




Entry 

point 


Thoraeie aorta 



Return 


The true lumen 


The false lumen 


B 


Fig. 3.112 A. CT image of aortie disseetion. B. Normal aorta (left) and an aortie disseetion (right). The line in the right figure indieates 
the plane of the CT sean shovvn in A. 
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Case 8 

PNEUMONIA 

A 35-year-old male patient presented to his family 
praetitioner because of reeent weight loss (14 Ib over 
the previous 2 months). He also eomplained of a 
cough with streaks of blood in the sputum 
(hemoptysis) and left-sided ehest pain. Reeently, he 
notieed signifieant sweating, espeeially at night, 
which neeessitated ehanging his sheets. 

On examination the patient had a low-grade 
temperature and was taehypneie (breathing fast). 
There was reduced expansion of the left side of the 
ehest. When the ehest was percussed it was noted 
that the anterior aspeet of the left ehest was dull, 
eompared to the resonant percussion note of the 
remainder of the ehest. Auscultation (listening with a 
stethoseope) revealed deereased breath sounds, 
which were hoarse in nature (bronehial breathing). 

A diagnosis of ehest infeetion was made. 

Chest infeetion is a eommon disease. In most patients the 
infeetion affeets the large airways and bronehi. If the 
infeetion continues, exudates and transudates are 
produced r filling the alveoli and the seeondary pulmonary 
lobules. The diffuse patehy nature of this type of infeetion 
istermed bronehial pneumonia. 

Given the patient's speeifìe elinieal fìndings, bronehial 
pneumonia was unlikely. 

From the elinieal findings it was elear that the patient was 
likely to have a pneumonia eonfined to a lobe. Because 
there are only two lobes in the left lung, the likely 
diagnosis was a left upper lobe pneumonia. 

A ehest radiograph was obtained (Fig. 3.11 3). The 
posteroanterior view of the ehest demonstrated an area 
of veil-like opaeifieation throughout the whole of the 
left lung. 

Knowing the position of the oblique fissure, any 
eonsolidation within the left upper lobe will produce 


this veil-like shadowing. Lateral radiographs are usually 
not neeessary but would demonstrate opaeifieation 
anteriorly and superiorly that ends abmptly at the 
oblique fissure. 

llpper lobe pneumonias are unusual because most 
patients develop gravity-dependent infeetion. Certain 
infeetions, however, are typieal within the middle and 
upper lobes, eommonly, tuberculosis (TB) and 
histoplasmosis. 

A review of the patient's history suggested a serious and 
ehronie illness and the patient was admitted to hospital. 

After admission a bronehoseopy was earried out and 
sputum was aspirated from the left upper lobe bronchus. 
This was cultured in the laboratory and also viewed 
underthe mieroseope and tuberculous baeilli (TB) were 
identified. 



Fig. 3.113 Chest radiograph showing left upper lobe infeetion. 
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Case 9 

ESOPHAGEALCANCER 

A 68-year-old man eame to his family physieian 
eomplaining of diseomfort when swallowing 
(dysphagia). The physieian examined the patient and 
noted sinee his last visit he had lost approximately 
18 Ib over 6 months. Routine blood tests revealed 
the patient was anemie and he was referred to the 
gastroenterology unit. A diagnosis of esophageal 
eaneer was made and the patient underwent a 
reseetion, which involved a ehest and abdominal 
ineision. After 4 years the patient remains well 
though still subject to follow-up. 

The patient underwent a flexible endoseopie examination 
of the esophagus in which a tube is plaeed through the 
mouth and into the esophagus and a eamera is plaeed 
on the end of the tube. It is also possible to use biopsy 
foreeps to obtain small portions of tissue for adequate 
diagnosis. 

The diagnosis of esophageal eareinoma was made 
(squamous eell type) and the patient underwent a 
staging procedure. 

Staging of any malignaney is important because it 
determines the extent of treatment and allows the 
physieian to determine the patient's prognosis. In this 
ease our patient underwent a CT sean of the ehest and 
abdomen, which revealed no signifieant lymph nodes 
around the lower third esophageal tumor. 

The abdominal sean revealed no evidenee of spread to 
the nodes around the eeliae trunk and no evidenee of 
spread to the liver. 

Bleeding was the cause of the anemia. 

Many tumors of the gastrointestinal system are 
remarkably friable, and with the passage of digested 
material aeross the tumor 7 low-grade ehronie bleeding 
occurs. Over a period of time the patient is rendered 
anemie, which in the fìrst instanee is asymptomatie; 
however, it ean be diagnosed on routine blood tests. 


Complex surgery is planned. 

The length of the esophagus is approximately 22 em. 
Tumor spread ean occur through the submucosal route 
and also through loeoregional lymph nodes. The lymph 
nodes drain along the arterial supply to the esophagus, 
which is predominantly supplied by the inferior thyroid 
artery, esophageal branehes from the thoraeie aorta, and 
branehes from the left gastrie artery. The transthoraeie 
esophageetomy procedure involves plaeing the patient 
supine. A laparotomy is performed to assess for any 
evidenee of disease in the abdominal eavity. The stomaeh 
is mobilized, with preservation of the right gastrie and 
right gastro-omental arteries. The short gastrie vessels 
and left gastrie vessels are divided, and a pyloromyotomy 
is also performed. 

The abdominal wound is then elosed and the patient 
is plaeed in the left lateral position. A right posterolateral 
thoraeotomy is performed through the fifth intereostal 
spaee, and the azygos vein is divided to provide full 
aeeess to the whole length ofthe esophagus. The 
stomaeh is delivered through the diaphragmatie hiatus. 
The esophagus is reseeted and the stomaeh is 
anastomosed to the eervieal esophagus. 

The patient made an uneventful reeovery. 

Most esophageal eaneers are diagnosed relatively late 
and often have lymph node metastatie spread. A number 
of patients will also have a spread of tumor to the liver. 
The overall prognosis for esophageal eaneer is poor, with 
approximately a 25%, 5-year survival rate. 

Diagnosing esophageal eaneer in its early stages before 
lymph node spread is ideal and ean produce a curative 
procedure. 

Our patient went on to have ehemotherapy and enjoys a 
good quality of life 4 years after his operation. 
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earotid artery and the right internal jugular vein. The 
internal jugular vein is the larger of the two structures 
and generally demonstrates normal respiratory variation, 
eompressibility, and a size dependenee upon the 
patient's position (when the patient is plaeed in 
the head-down position, the vein fills and makes 
puncture easy). 

The risks of the proeediire 

As with all procedures and operations there is always a 
small risk of eomplieation. These risks are always 
balaneed against the potential benefits of the procedure. 
Plaeing the needle into the internal jugular vein ean be 
performed under ultrasound guidance, which reduces 
the risk of puncturing the eommon earotid artery. 
Furthermore, by puncturing under direet vision it is less 
likely that the operator will hit the lung apex and pieree 
the superior pleural faseia, which may produce a 
pneumothorax. 

The position of the indwelling eatheter 


Case 10 

VENOIIS ACCESS 

A 45-year-old woman, with a history of breast 
eaneer in the left breast, returned to her physieian. 
Unfortunately the disease had spread to the axillary 
lymph nodes and bones (bony metastatie disease). A 
surgeon duly reseeted the primary breast tumor with 
a wide loeal excision and then performed an axillary 
nodal dearanee. The patient was then referred to 
an oneologist for ehemotherapy. Chemotherapy 
was delivered through a portaeath, which is a 
subcutaneous reservoir from which a small eatheter 
passes under the skin into the internal jugular vein. 
The patient duly underwent a portaeath insertion 
without eomplieation, eompleted her course of 
ehemotherapy, and is currently doing well 
5 years later. 

The portaeath was plaeed on the patient's right anterior 
ehest wall and the line was plaeed into the right internal 
jugular vein. The left internal jugular vein and 
subcutaneous tissues were not used. The reason for not 
using this site was that the patient had previously 
undergone an axillary disseetion on the left, and the 
lymph nodes and lymphaties were removed. Plaeement 
of a portaeath in this region may produce an 
inflammatory response and may even get infeeted. 
Llnfortonately, because there are no lymphaties to drain 
away infeeted material and to remove baeteria, severe 
sepsis and life-threatening infeetion may ensue. 

How was it plaeed? 

The ultrasound shows an axial image aeross the root of 
the neek on the right demonstrating the right eommon 


The eatheter is plaeed through the right internal jugular 
vein and into the right braehioeephalie vein. The tip of 
the eatheter is then plaeed more inferiorly at the junction 
of the right atrium and the superior vena eava. The 
reason for plaeing the eatheter in such a position relates 
to the agents that are infused. Most chemotherapeutic 
agents are severely cytotoxic (kill eells), and enabling 
good mixing with the blood prevents thrombosis and 
vein wall irritation. 
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Conceptual overview 

GENERAL DESCRIPTION 


The abdomen is a roughly eylindrieal ehamber extending 
from the inferior margin of the thorax to the superior 
margin of the pelvis and the lower limb (Fig. 4.1 A). 

The inferior thoraeie aperture forms the superior 
opening to the abdomen, and is elosed by the diaphragm. 
Inferiorly, the deep abdominal wall is continuous with the 


pelvie wall at the pelvie inlet. Superficially, the inferior 
limit of the abdominal wall is the superior margin of the 
lower limb. 

The ehamber enelosed by the abdominal wall eontains 
a single large peritoneal eavity, which freely eomrmini- 
eates with the pelvie eavity. 




aperture 



Lower limb 


Fig. 4.1 Abdomen. A. Boundaries. 



































Abdomen 



Gastrointestinal 

traet 


Peritoneal eavity 


Mesentery 



Costal margin 


Left kidney 


Aorta 


Right kidney 


B 


Inferior vena eava 


Fig. 4.1, eont’d B. Arrangement of abdominal eontents. Inferior view. 


Abdominal viseera are either suspended in the perito- 
neal eavity by mesenteries or positioned between the eavity 
and the musculoskeletal wall (Fig. 4.1B). 

Abdominal viseera include: 

major elements of the gastrointestinal system—the 
caudal end of the esophagus, stomaeh, small and large 
intestines, liver, panereas, and gallbladder; 
the spleen; 

eomponents of the urinary system—kidneys and 
ureters; 

the suprarenal glands; and 
major neurovascular structures. 


FUNCTIONS 

Houses and proteets major viseera 

The abdomen houses major elements of the gastrointesti- 
nal system (Fig. 4.2), the spleen, and parts of the rninary 
system. 

Much of the liver, gallbladder, stomaeh, and spleen and 
parts of the eolon are under the domes of the diaphragm, 
which projeet superiorly above the eostal margin of the 
thoraeie wall, and as a result these abdominal viseera are 
proteeted by the thoraeie wall. The superior poles of the 
kidneys are deep to the lower ribs. 

Viseera not under the domes of the diaphragm are sup- 
ported and proteeted predominantly by the muscular walls 
of the abdomen. 
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Spleen 



Small intestine 


Fig. 4.2 The abdomen eontains and proteets the abdominal viseera. 
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Fig. 4.3 The abdomen assists in breathing. 


Expiration 


Breathing 

One of the most important roles of the abdominal wall is 
to assist in breathing: 

It relaxes during inspiration to aeeommodate expansion 
of the thoraeie eavity and the inferior displaeement of 
abdominal viseera during eontraetion of the diaphragm 

(Fig. 4.3). 

During expiration, it eontraets to assist in elevating 
the domes of the diaphragm, thus reducing thoraeie 
volume. 

Material ean be expelled from the airway by foreed expi- 
ration using the abdominal muscles, as in coughing or 
sneezing. 



Laryngeal 
eavity elosed 
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in thorax 


Fixed diaphragm 


Contraction of 


abdominal wafl 
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Micturition 

Childbirth 



Fig. 4.4 inereasing intraabdominal pressure to assist in 
micturition, defeeation, and ehildbirth. 


ehanges in ntraabdominal pressure 

Contraction of abdominal wall muscles ean dramatieally 
inerease intraabdominal pressure when the diaphragm is 


in a fixed position (Fig. 4.4). Air is retained in the lungs by 
elosing valves in the larynx in the neek. inereased intra- 
abdominal pressure assists in voiding the eontents of the 
bladder and rectum and in giving birth. 
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COMPONENT PARTS 
Wall 

The abdominal wall eonsists partly of bone but mainly 
of muscle (Fig. 4.5). The skeletal elements of the wall 

(Fig. 4.5A) are: 

the five lumbar vertebrae and their intervening inter- 
vertebral dises, 

the superior expanded parts of the pelvie bones, and 
bony eomponents of the inferior thoraeie wall, includ- 
ing the eostal margin, rib XII, the end of rib XI, and the 
xiphoid proeess. 


Muscles make up the rest of the abdominal wall 

(Fig. 4.5B): 

Lateral to the vertebral column, the quadratus lumbo- 
rum, psoas major, and iliacus muscles reinforee the pos- 
terior aspeet of the wall. The distal ends of the psoas 
major and iliacus muscles pass into the thigh and are 
major flexors of the hip joint. 

Lateral parts of the abdominal wall are predominantly 
formed by three layers of muscles, which are similar in 
orientation to the intereostal muscles of the thorax— 
transversus abdominis, internal oblique, and external 
oblique. 
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Fig. 4.5 Abdominal wall. A. Skeletal elements. B. Muscles. 
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Abdomen 



Anteriorly, a segmented muscle (the rectus abdominis) 
on eaeh side spans the distanee between the inferior 
thoraeie wall and the pelvis. 

Structural continuity between posterior, lateral, and 
anterior parts of the abdominal wall is provided by 
thiek faseia posteriorly and by flat tendinous sheets 
(aponeuroses) derived from muscles of the lateral wall. A 
faseial layer of varying thiekness separates the abdominal 
wall from the peritoneum, which lines the abdominal 

eavitv. 


Abdominal eavity 

The general organization of the abdominal eavity is one 
in which a eentral gut tube (gastrointestinal system) is 
suspended f'rom the posterior abdominal wall and partly 
from the anterior abdominal wall by thin sheets of tissue 

(mesenteries; Fig. 4.6): 

a ventral (anterior) mesentery for proximal regions of 

the gut tube; 

a dorsal (posterior) mesentery along the entire length of 

the system. 

Different parts of these two mesenteries are named 
aeeording to the organs they suspend or with which they 
are assoeiated. 

Major viseera, such as the kidneys, that are not sus- 
pended in the abdominal eavity by mesenteries are assoei- 
ated with the abdominal wall. 

The abdominal eavity is lined by peritoneum, which 
eonsists of an epithelial-like single layer of eells (the meso- 
thelium) together with a supportive layer of eonneetive 
tissue. Peritoneum is similar to the pleura and serous peri- 
cardium in the thorax. 

The peritoneum refleets off the abdominal wall to 
beeome a eomponent of the mesenteries that suspend the 
viseera. 

Parietal peritoneum lines the abdominal wall. 

Viseeral peritoneum eovers suspended organs. 

Normally, elements of the gastrointestinal traet and 
its derivatives eompletely fìll the abdominal eavity, 
making the peritoneal eavity a potential spaee, and 
viseeral peritoneum on organs and parietal peritoneum 
on the adjaeent abdominal wall slide freely against one 
another. 

Abdominal viseera are either intraperitoneal or 
retroperitoneal: 


Braneh of aorta 


Gastrointestinal traet 


Ventral mesentery 


Aorta 


Kidney—posterior to 

peritoneiim 



Dorsal mesentery 


Parietal peritoneum 


Viseeral peritoneum 


Fig. 4.6 The guttube is suspended by mesenteries 


Intraperitoneal structures, such as elements of the 
gastrointestinal system, are suspended from the abdom- 
inal wall by mesenteries; 

■ Structures that are not suspended in the abdominal 
eavity by a mesentery and that lie between the parietal 
peritoneum and abdominal wall are retroperitoneal 
in position. 

Retroperitoneal structures include the kidneys and 
ureters, which develop in the region between the perito- 
neum and the abdominal wall and remain in this position 
in the adult. 

During development, some organs, such as parts of the 
small and large intestines, are suspended initially in the 
abdominal eavity by a mesentery, and later beeome retro- 
peritoneal seeondarily by fusing with the abdominal wall 

(Fig. 4.7). 
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Fig. 4.7 A series showing the progression (A to C) from an intraperitoneal organ to a seeondarily retroperitoneal organ. 









































Abdomen 


Large vessels, nerves, and lymphaties are assoeiated 
with the posterior abdominal wall along the median axis 
of the body in the region where, during development, the 
peritoneum refleets off the wall as the dorsal mesentery, 
which supports the developing gut tube. As a consequence, 
branehes of the neurovascular structures that pass to parts 
of the gastrointestinal system are unpaired, originate from 
the anterior aspeets of their parent structures, and travel 
in mesenteries or pass retroperitoneally in areas where the 
mesenteries seeondarily fuse to the wall. 

Generally, vessels, nerves, and lymphaties to the abdom- 
inal wall and to organs that originate as retroperitoneal 
structures braneh laterally from the eentral neurovascular 
structures and are usually paired, one on eaeh side. 

Inferior thoraeie aperture 

The superior aperture of the abdomen is the inferior 
thoraeie aperture, which is elosed by the diaphragm (see 


pp. 126-127). The margin of the inferior thoraeie aperture 
eonsists of vertebra TXII, rib XII, the distal end of rib XI, 
the eostal margin, and the xiphoid proeess of the sternum. 

Diaphragm 

The musculotendinous diaphragm separates the abdomen 
from the thorax. 

The diaphragm attaehes to the margin of the inferior 
thoraeie aperture, but the attaehment is complex posteri- 
orly and extends into the lumbar area of the vertebral 
column (Fig. 4.8). On eaeh side, a muscular extension 
(crus) firmly anehors the diaphragm to the anterolateral 
surface of the vertebral column as far down as vertebra LIII 
on the right and vertebra LII on the left. 

Because the eostal margin is not eomplete posteriorly, 
the diaphragm is anehored to areh-shaped (arcuate) liga- 
ments, which span the distanee between available bony 
points and the intervening soft tissues: 
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Fig. 4.8 Inferior thoraeie aperture and the diaphragm. 
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Medial and lateral arcuate ligaments eross muscles 
of the posterior abdominal wall and attaeh to vertebrae, 
the transverse proeesses of vertebra LI and rib XII, 
respeetively. 

A median arcuate ligament erosses the aorta and is 
continuous with the crus on eaeh side. 

The posterior attaehment of the diaphragm extends 
much farther inferiorly than the anterior attaehment. Con- 
sequently, the diaphragm is an important eomponent of 
the posterior abdominal wall, to which a number of viseera 
are related. 

Pelvie ínlet 

The abdominal wall is continuous with the pelvie wall at 
the pelvie inlet, and the abdominal eavity is continuous 
with the pelvie eavity. 

The circular margin of the pelvie inlet is formed entirely 
by bone: 

■ posteriorly by the sacrum, 

anteriorly by the pubic symphysis, and 

laterally, on eaeh side, by a distinet bony rim on the 

pelvie bone (Fig. 4.9). 

Because of the way in which the saeram and attaehed 
pelvie bones are angled posteriorly on the vertebral column, 
the pelvie eavity is not oriented in the same vertieal plane 
as the abdominal eavity. Instead, the pelvie eavity projeets 
posteriorly, and the inlet opens anteriorly and somewhat 
superiorly (Fig. 4.10). 

RELATIONSHIP TO OTHER REGIONS 
Thorax 

The abdomen is separated from the thorax by the dia- 
phragm. Structures pass between the two regions through 
or posterior to the diaphragm (see Fig. 4.8). 

Pelvis 

The pelvie inlet opens direetly into the abdomen and struc- 
tures pass between the abdomen and pelvis through it. 

The peritoneum lining the abdominal eavity is continu- 
ous with the peritonemn in the pelvis. Consequently, the 



lnguinal ligament 
Fig. 4.9 Pelvie inlet. 



Fig. 4.10 Orientation of abdominal and pelvie eavities. 
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Fig.4.11 The abdominal eavity is continuous with the pelvie eavity. 


abdominal eavity is entirely continuous with the pelvie 
eavity (Fig. 4.11). Infeetions in one region ean therefore 
freely spread into the other. 

The bladder expands superiorly from the pelvie eavity 
into the abdominal eavity and, during pregnaney, the 
uterus expands freely superiorly out of the pelvie eavity 
into the abdominal eavity. 

Lower limb 

The abdomen communicates direetly with the thigh 
through an aperture formed anteriorly between the infe- 
rior margin of the abdominal wall (marked by the inguinal 


ligament) and the pelvie bone (Fig. 4.12). Structures that 
pass through this aperture are: 

■ the major artery and vein of the lower limb; 

the femoral nerve, which innervates the quadriceps 
femoris muscle, which extends the knee; 
lymphaties; and 

the distal ends of psoas major and iliacus imiseles, 
which flex the thigh at the hip joint. 

As vessels pass inferior to the inguinal ligament, their 
names ehange—the external iliae artery and vein of the 
abdomen beeome the femoral artery and vein of the thigh. 
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Fig. 4.12 Structures passing between the abdomen and thigh. 

KEY FEATURES 

Arrangement of abdominal viseera 
in the adult 

A basie knowledge of the development of the gastrointes- 
tinal traet is needed to understand the arrangement of 
viseera and mesenteries in the abdomen (Fig. 4.13). 

The early gastrointestinal traet is oriented longitudi- 
nally in the body eavity and is suspended from surrounding 
walls by a large dorsal mesentery and a much smaller 
ventral mesentery. 

Superiorly, the dorsal and ventral mesenteries are 
anehored to the diaphragm. 

The primitive gut tube eonsists of the foregut, the 
midgut, and the hindgut. Massive longitudinal growth of 
the gut tube, rotation of seleeted parts of the tube, and 
seeondary fusion of some viseera and their assoeiated mes- 
enteries to the body wall partieipate in generating the adult 
arrangement of abdominal organs. 

Development of the foregiit 

In abdominal regions, the foregut gives rise to the distal 
end of the esophagus, the stomaeh, and the proximal part 
of the duodenum. The foregut is the only part of the gut 


tube suspended from the wall by both the ventral and 
dorsal mesenteries. 

A diverticulum from the anterior aspeet of the foregut 
grows into the ventral mesentery, giving rise to the liver 
and gallbladder, and, ultimately, to the ventral part of the 
panereas. 

The dorsal part of the panereas develops í’rom an out- 
growth of the foregut into the dorsal mesentery. The spleen 
develops in the dorsal mesentery in the region between the 
body wall and presmnptive stomaeh. 

In theforegut, the developing stomaeh rotates clockwise 
and the assoeiated dorsal mesentery, eontaining the spleen, 
moves to the left and greatly expands. During this proeess, 
part of the mesentery beeomes assoeiated with, and see- 
ondarily fuses with, the left side of the body wall. 

At the same time, the duodenum, together with its 
dorsal mesentery and an appreeiable part of the panereas, 
swings to the right and fuses to the body wall. 

Seeondary fusion of the duodenum to the body wall, 
massive growth of the liver in the ventral mesentery, and 
fusion of the superior surface of the liver to the diaphragm 
restriet the opening to the spaee enelosed by the ballooned 
dorsal mesentery assoeiated with the stomaeh. This 
restrieted opening is the omental foramen (epiploie 
foramen). 

The part of the abdominal eavity enelosed by the 
expanded dorsal mesentery, and posterior to the stomaeh, 
is the omental bursa (lesser sae). Aeeess, through the 
omental foramen, to this spaee from the rest of the perito- 
neal eavity (greater sae) is inferior to the free edge of the 
ventral mesentery. 

Part of the dorsal mesentery that initially forms part of 
the lesser sae greatly enlarges in an inferior direetion, and 
the two opposing surfaces of the mesentery fuse to form an 
apron-like structure (the greater omentum). The greater 
omentum is suspended from the greater curvature of the 
stomaeh, lies over other viseera in the abdominal eavity, 
and is the first structure observed when the abdominal 
eavity is opened anteriorly. 

Development of the midgut 

The midgut develops into the distal part of the duodenum 
and the jejunum, ileum, aseending eolon, and proximal 
two-thirds of the transverse eolon. A small yolk sae proj- 
eets anteriorly from the developing midgut into the 
umbilicus. 

Rapid growth of the gastrointestinal systemresults in a 
loop of the midgut herniating out of the abdominal eavity 
and into the umbilical eord. As the body grows in size and 
the eonneetion with the yolk sae is lost, the midgut returns 
to the abdominal eavity. While this proeess is occurring, 
the two limbs of the midgut loop rotate counterclockwise 265 
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Fig. 4.13 A series (A to H) showing the development of the gut and mesenteries. 
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Fig. 4.13, eont’d 
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Abdomen 


around their eombined eentral axis, and the part of the 
loop that beeomes the cecum deseends into the inferior 
right aspeet of the eavity. The superior mesenterie artery, 
which supplies the midgut, is at the eenter of the axis of 
rotation. 

The cecum remains intraperitoneal, the aseending 
eolon fuses with the body wall beeoming seeondarily retro- 
peritoneal, and the transverse eolon remains suspended by 
its dorsal mesentery (transverse mesoeolon). The greater 
omentum hangs over the transverse eolon and the meso- 
eolon and usually fuses with these structures. 

Development of the hindgiit 

The distal one-third of the transverse eolon, deseending 
eolon, sigmoid eolon, and superior part of the rectum 
develop from the hindgut. 

Proximal parts of the hindgut swing to the left and 
beeome the deseending eolon and sigmoid eolon. The 
deseending eolon and its dorsal mesentery fuse to the body 
wall, while the sigmoid eolon remains intraperitoneal. The 
sigmoid eolon passes through the pelvie inlet and is eon- 
tinuous with the rectum at the level of vertebra SIII. 

Skin and miiseles of the anterior 
and lateral abdominal wall 
and thoraeie intereostal nerves 

The anterior rami of thoraeie spinal nerves T7 to T12 
follow the inferior slope of the lateral parts of the ribs 
and eross the eostal margin to enter the abdominal 
wall (Fig. 4.14). Intereostal nerves T7 to Tll supply 
skin and imisele of the abdominal wall, as does the subcos- 
tal nerve T12. In addition, T5 and T6 supply upper parts 
of the external oblique muscle of the abdominal wall; 
T6 also supplies cutaneous innervation to skin over the 
xiphoid. 

Skin and muscle in the inguinal and suprapubic regions 
of the abdominal wall are innervated by L1 and not by 
thoraeie nerves. 



Fig. 4.14 Innervation of the anterior abdominal wall. 


Dermatomes of the anterior abdominal wall are indi- 
eated in Figure 4.14. In the midline, skin over the infraster- 
nal angle is T6 and that around the umbilicus is TIO. L1 
innervates skin in the inguinal and suprapubic regions. 

Muscles of the abdominal wall are innervated segmen- 
tally in patterns that generally refleet the patterns of the 
overlying dermatomes. 
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The groin is a weak area in the anterior 
abdominal wall 

During development, the gonads in both sexes deseend 
from their sites of origin on the posterior abdominal wall 
into the pelvie eavity in women and the developing scrotum 
in men (Fig. 4.15). 

Before deseent, a eord of tissue (the gubernaculum) 
passes through the anterior abdominal wall and eonneets 
the inferior pole of eaeh gonad with primordia of the 
scrotum in men and the labia majora in women (labiosero- 
tal swellings). 

A tubular extension (the processus vaginalis) of the 
peritoneal eavity and the aeeompanying muscular layers 
of the anterior abdominal wall projeet along the guber- 
naculum on eaeh side into the labioserotal swellings. 

In men, the testis, together with its neurovascular struc- 
tures and its efferent duct (the ductus deferens) deseends 
into the scrotum along a path, initially defined by the 
gubernaculum, between the processus vaginalis and the 
aeeompanying eoverings derived from the abdominal wall. 


All that remains of the gubernaculum is a eonneetive 
tissue remnant that attaehes the caudal pole of the testis 
to the scrotum. 

The inguinal eanal is the passage through the 
anterior abdominal wall ereated by the processus vagina- 
lis. The spermatie eord is the tubular extension of the 
layers of the abdominal wall into the scrotum that eon- 
tains all structures passing between the testis and the 
abdomen. 

The distal sae-like terminal end of the spermatie eord on 
eaeh side eontains the testis, assoeiated structures, and the 
now isolated part of the peritoneal eavity (the eavity of the 
tunica vaginalis). 

In women, the gonads deseend to a position just inside 
the pelvie eavity and never pass through the anterior 
abdominal wall. As a result, the only major structure 
passing through the inguinal eanal is a derivative of the 
gubernaculum (the round ligament of the uterus). 

In both men and women, the groin (inguinal region) is 
a weak area in the abdominal wall (Fig. 4.15) and is the 
site of inguinal hernias. 
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Fig. 4.15 lnguinal region. A. Development. 
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Vertebral level Ll 

The transpylorie plane is a horizontal plane that tran- 
seets the body through the lower aspeet of vertebra LI 

(Fig. 4.16). It: 

is about midway between the jugular noteh and the 
pubic symphysis, and erosses the eostal margin on eaeh 
side at roughly the ninth eostal eartilage; 
erosses through the opening of the stomaeh into the 
duodenum (the pylorie orifiee), which is just to the right 
of the body of LI; the duodenum then makes a eharae- 
teristie C-shaped loop on the posterior abdominal wall 
and erosses the midline to open into the jejunum just to 
the left of the body of vertebra LII, whereas the head of 
the panereas is enelosed by the loop of the duodenum, 
and the body of the panereas extends aeross the midline 
to the left; 

erosses through the body of the panereas; and 
■ approximates the position of the hila of the kidneys; 
though because the left kidney is slightly higher than 
the right, the transpylorie plane erosses through the 
inferior aspeet of the left hilum and the superior part of 
the right hilum. 


The gastrointestinal system and its 
derivatives are supplied by 
three major arteries 

Three large unpaired arteries braneh from the anterior 
surface of the abdominal aorta to supply the abdominal 
part of the gastrointestinal traet and all of the structures 
(liver, panereas, and gallbladder) to which this part of the 
gut gives rise during development (Fig. 4.17). These 
arteries pass through derivatives of the dorsal and ventral 
mesenteries to reaeh the target viseera. These vessels 
therefore also supply structures such as the spleen and 
lymph nodes that develop in the mesenteries. These three 
arteries are: 

the eeliae artery, which branehes from the abdominal 
aorta at the upper border of vertebra LI and supplies the 
foregut; 
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stomaeh and duodenum 
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Ríght 
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Fig. 4.16 Vertebral level Ll. 


the superior mesenterie artery, which arises from 
the abdominal aorta at the lower border of vertebra LI 
and supplies the midgut; and 

the inferior mesenterie artery, which branehes from 
the abdominal aorta at approximately vertebral level 
LIII and supplies the hindgut. 
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Fig. 4.17 Blood supply of the gut. A. Relationship of vessels to the gut and mesenteries. B. Anterior view. 
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Venous shunts from left to right 

All blood returning to the heart from regions of the body 
other than the lungs flows into the right atrium of the 
heart. The inferior vena eava is the major systemie vein in 
the abdomen and drains this region together with the 
pelvis, perineum, and both lower limbs (Fig. 4.18). 

The inferior vena eava lies to the right of the vertebral 
column and penetrates the eentral tendon of the 


diaphragm at approximately vertebral level TVIII. A 
number of large vessels eross the midline to deliver 
blood from the left side of the body to the inferior vena 
eava. 

One of the most signifìeant is the left renal vein, which 
drains the kidney, suprarenal gland, and gonad on the 
same side. 


Supenor vena 


Right atriam 


Righl suprarenal vein 



vein 



Heart 


Diaphragm 


Left suprarenal vein 
Left renal vein 


Left gonadal vein 
Left !umbar veìn 


Left eommon 



Pelvie 



Fig.4.18 Left-to-right venous shunts. 
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Another is the left eommon iliae vein, which erosses the 
midline at approximately vertebral level LV to join with 
its partner on the right to form the inferior vena eava. 
These veins drain the lower limbs, the pelvis, the 
perineum, and parts of the abdominal wall. 

Other vessels erossing the midline include the left lumbar 
veins, which drain the baek and posterior abdominal 
wall on the left side. 


All venoiis draínage from the 
gastrointestinal system passes 
through the liver 

Blood from abdominal parts of the gastrointestinal 
system and the spleen passes through a seeond vascular 
bed, in the liver, before ultimately returning to the heart 

(Fig. 4.19). 
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Fig. 4.19 Hepatie portal system. 






















Conceptual overvievv • Key Features 


4 


Venous blood from the digestive traet, panereas, gall- 
bladder, and spleen enters the inferior surface of the liver 
through the large hepatie portal vein. This vein then 
ramifies like an artery to distribute blood to small 
endothelial-lined hepatie sinusoids, which form the vascu- 
lar exchange network of the liver. 

After passing through the sinusoids, the blood eolleets 
in a number of short hepatie veins, which drain into the 
inferior vena eava just before the inferior vena eava pene- 
trates the diaphragm and enters the right atrium of the 
heart. 

Normally, vascular beds drained by the hepatie portal 
system intereonneet, through small veins, with beds 
drained by systemie vessels, which ultimately eonneet 
direetly with either the superior or inferior vena eava. 

Portaeaval anastomoses 

Among the elinieally most important regions of overlap 
between the portal and eaval systems are those at eaeh end 
of the abdominal part of the gastrointestinal system: 

■ around the inferior end of the esophagus; 

around the inferior part of the rectum. 

Small veins that aeeompany the degenerate umbilical 
vein (round ligament of the liver) establish another 
important portaeaval anastomosis. 

The round ligament of the liver eonneets the umbilicus 
of the anterior abdominal wall with the left braneh of the 


portal vein as it enters the liver. The small veins that aeeom- 
pany this ligament form a eonneetion between the portal 
system and para-umbilical regions of the abdominal wall, 
which drain into systemie veins. 

Other regions where portal and eaval systems inter- 
eonneet include: 

where the liver is in direet eontaet with the diaphragm 
(the bare area of the liver); 

where the wall of the gastrointestinal traet is in direet 
eontaet with the posterior abdominal wall (retroperito- 
neal areas of the large and small intestine); and 
■ the posterior surface of the panereas (much of the pan- 
ereas is seeondarily retroperitoneal). 

Bloekage of the hepatie portal vein or of vascular 
ehannels in the liver 

Bloekage of the hepatie portal vein or of vascular ehan- 
nels in the liver ean affeet the pattern of venous return 
from abdominal parts of the gastrointestinal system. 
Vessels that intereonneet the portal and eaval systems 
ean beeome greatly enlarged and tortuous, allowing 
blood in tributaries of the portal system to bypass the 
liver, enter the eaval system, and thereby return to the 
heart. Portal hypertension ean result in esophageal and 
reetal variees and in caput medusae in which systemie 
vessels that radiate from para-umbilical veins enlarge and 
beeome visible on the abdominal wall. 
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Abdominal viseera are supplied by a large 
prevertebral plexus 

Innervation of the abdominal viseera is derived from a 
large prevertebral plexus assoeiated mainly with the ante- 
rior and lateral surfaces of the aorta (Fig. 4.20). Branehes 
are distributed to target tissues along vessels that originate 
from the abdominal aorta. 


The prevertebral plexus eontains sympathetie, para- 
sympathetie, and viseeral sensory eomponents: 

Sympathetie eomponents originate from spinal eord 
levels T5 to L2. 

Parasympathetie eomponents are from the vagus nerve 
[X] and spinal eord levels S2 to S4. 

Viseeral sensory fibers generally parallel the motor 
pathways. 
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Fig. 4.20 Prevertebral plexus. 
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Regional anatomy 

The abdomen is the part of the trunk inferior to the 
thorax (Fig. 4.21). Its musculomembranous walls sur- 
round a large eavity (the abdominal eavity), which is 
bounded superiorly by the diaphragm and inferiorly by the 
pelvie inlet. 

The abdominal eavity may extend superiorly as high as 
the fourth intereostal spaee, and is continuous inferiorly 
with the pelvie eavity. It eontains the peritoneal eavity 
and the abdominal viseera. 

SURFACE TOPOGRAPHY 

Topographieal divisions of the abdomen are used to 
deseribe the loeation of abdominal organs and the pain 



Fig. 4.21 Boundaries of the abdominal eavity. 


assoeiated with abdominal problems. The two sehemes 
most often used are: 

■ a four-quadrant pattern and 
a nine-region pattern. 

Four-quadrant pattern 

A horizontal transumbilical plane passing through the 
umbilicus and the intervertebral dise between vertebrae 
LIII and LIV and interseeting with the vertieal median 
plane divides the abdomen into four quadrants—the 
right upper, left upper, right lower, and left lower quadrants 

(Fig. 4.22). 



Transumbilical plane Median plane 


Fig. 4.22 Four-quadrant topographieal pattern. 
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Nine-region pattern 

The nine-region pattern is based on two horizontal and two 
vertieal planes (Fig. 4.23). 

The superior horizontal plane (the subcostal plane) is 
immediately inferior to the eostal margins, which plaees 
it at the lower border of the eostal eartilage of rib X and 
passing posteriorly through the body of vertebra LIII. 
(Note, however, that sometimes the transpylorie 
plane, halfway between the jugular noteh and the sym- 
physis pubis or halfway between the umbilicus and the 
inferior end of the body of the sternum, passing poste- 
riorly through the lower border of vertebra LI and inter- 
seeting with the eostal margin at the ends of the ninth 
eostal eartilages, is used instead.) 

The inferior horizontal plane (the intertubercular 
plane) eonneets the tubercles of the iliae erests, which 


are palpable structures 5 em posterior to the anterior 
superior iliae spines, and passes through the upper part 
of the body of vertebra LV. 

The vertieal planes pass from the midpoint of the elavi- 
eles inferiorly to a point midway between the anterior 
superior iliae spine and pubic symphysis. 

These four planes establish the topographieal divisions 
in the nine-region organization. The following designa- 
tions are used for eaeh region: superiorly the right 
hypochondrium, the epigastrie region, and the left hypo- 
chondrium; inferiorly the right groin (inguinal region), 
pubic region, and left groin (inguinal region); and in the 
middle the right flank (lateral region), the umbilical region, 
and the left flank (lateral region) (Fig. 4.23). 
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ln the elinie 

Surgical ineisions 

Aeeess to the abdomen and its eontents is usually 
obtained through ineisions in the anterior abdominal 
wall. Traditionally, ineisions have been plaeed at and 
around the region of surgical interest. The size of these 
ineisions was usually large to allow good aeeess and 
optimal visualization of the abdominal eavity. As 
anesthesia has developed and muscle-relaxing drugs 
have beeome widely used r the abdominal ineisions have 
beeome smaller. 

Currently, the most eommonly used large abdominal 
ineision is a eentral craniocaudad ineision from the 
xiphoid proeess to the symphysis pubis, which provides 
wide aeeess to the whole of the abdominal eontents 
and allows an exploratory procedure to be performed 
(laparotomy). 
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lntertubercular plane 
Fig.4.23 Nine-region organizational pattern. 
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In the elinie 

Laparoseopie surgery 

Laparoseopie surgery, also known as minimally invasive 
or keyhole surgery, is performed by operating through a 
series of small ineisions no more than 1 to 2 em in length. 
As the ineisions are much smaller than those used in 
traditional abdominal surgery, patients experience less 
postoperative pain and have shorter reeovery times. There 
is also a favorable eosmetie outcome with 
smaller sears. Several surgical procedures such as 
appendieeetomy, eholeeysteetomy, and hernia repair, 
as well as numerous orthopaedie, urological, and 
gyneeologieal procedures, are now eommonly 
performed laparoseopieally. 

During the operation, a eamera known as a 
laparoseope is used to transmit live, magnifìed images 
of the surgical field to a monitor viewed by the surgeon. 
The eamera is inserted into the abdominal eavity through 
a small ineision, ealled a port-site, usually atthe umbilicus. 
In order to ereate enough spaee to operate, the 
abdominal wall is elevated by inflating the eavity with gas, 
typieally earbon dioxide. Other long r thin surgical 
instruments are then introduced through additional 
port-sites, which ean be used by the surgeon 


to operate. The plaeement of these port-sites is carefully 
planned to allow optimal aeeess to the surgical field. 

Laparoseopie surgery has been further enhaneed with 
the use of surgical robots. Using these systems the 
surgeon moves the surgical instruments indireetly by 
eontrolling robotie arms, which are inserted into the 
operating field through small ineisions. Robot-assisted 
surgery is now routinely used worldwide and has helped 
overeome some of the limitations of laparoseopy by 
enhaneing the surgeon's dexterity. The robotie system is 
preeise, provides the surgeon with a 3D view of the 
surgical field, and allows improved degree of rotation and 
manipulation of the surgical instruments. Several 
procedures such as prostateetomy and eholeeysteetomy 
ean now be performed with this method. 

Laparoendoseopie single-site surgery, also known as 
single-port laparoseopy, is the most reeent advanee in 
laparoseopie surgery.This method uses a single ineision, 
usually umbilical, to introduce a port with several 
operating ehannels and ean be performed with or without 
robotie assistanee. Benefits include less postoperative 
pain, a faster reeovery time, and an even better eosmetie 
result than traditional laparoseopie surgery. 
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ABDOMINAL WALL 

The abdominal wall eovers a large area. Itis bounded supe- 
riorly by the xiphoid proeess and eostal margins, posteri- 
orly by the vertebral column, and inferiorly by the upper 
parts of the pelvie bones. Its layers eonsist of skin, superfì- 
eial faseia (subcutaneous tissue), muscles and their assoei- 
ated deep faseias, extraperitoneal faseia, and parietal 
peritoneum (Fig. 4.24). 

Siiperfìeial faseia 

The superficial faseia of the abdominal wall (subcutaneous 
tissue of abdomen) is a layer of fatty eonneetive tissue. It is 
usually a single layer similar to, and continuous with, the 
superficial faseia throughout other regions of the body. 
However, in the lower region of the anterior part of the 
abdominal wall, below the umbilicus, it forms two layers: 
a superficial fatty layer and a deeper membranous layer. 

Siiperfìeial layer 

The superficial fatty layer of superficial faseia (Camper's 
faseia) eontains fat and varies in thiekness (Figs. 4.25 and 
4.26). It is continuous over the inguinal ligament with the 
superficial faseia of the thigh and with a similar layer in 
the perineum. 


In men, this superficial layer continues over the penis 
and, after losing its fat and fusing with the deeper layer of 
superficial faseia, continues into the scrotum where it 
forms a speeialized faseial layer eontaining smooth muscle 
fibers (the dartos faseia). In women, this superficial layer 
retains some fat and is a eomponent of the labia majora. 

Deeper layer 

The deeper membranous layer of superficial faseia (Sear- 
pa's faseia) is thin and membranous, and eontains little 
or no fat (Fig. 4.25). Inferiorly, it continues into the thigh, 
but just below the inguinal ligament, it fuses with the deep 
faseia of the thigh (the faseia lata; Fig. 4.26). In the 
midline, it is firmly attaehed to the linea alba and the sym- 
physis pubis. It continues into the anterior part of the 
perineum where it is firmly attaehed to the ischiopubic 
rami and to the posterior margin of the perineal mem- 
brane. Here, it is referred to as the superfìcial perineal 
faseia (eolles' faseia). 

In men, the deeper membranous layer of superficial 
faseia blends with the superficial layer as they both pass 
over the penis, forming the superficial faseia of the penis, 
before they continue into the serotmn where they form the 
dartos faseia (Fig. 4.25). Also in men, extensions of the 
deeper membranous layer of superficial faseia attaehed to 
the pubic symphysis pass inferiorly onto the dorsum and 
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Fig. 4.24 Layers of the abdominal wall. 
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Fig.4.25 Superficial faseia. 
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Fig. 4.26 Continuity of membranous layer of superficial faseia into other areas. 
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sides of the penis to form the fimdiform ligament of 
penis. In women, the membranoiis layer of the superficial 
faseia continues into the labia majora and the anterior part 
of the perineum. 

Anterolateral musdes 

There arefive muscles in the anterolateral group of abdom- 
inal wall muscles: 

three ílat muscles whose fibers begin posterolaterally, 
pass anteriorly, and are replaeed by an aponeurosis as 
the muscle continues toward the midline—the external 
oblique, internal oblique, and transversus abdominis 
muscles; 

■ two vertieal muscles, near the midline, which are 
enelosed within a tendinous sheath formed by the apo- 
neuroses of the ílat muscles—the rectus abdominis and 
pyramidalis muscles. 

Eaeh of these five muscles has speeifie aetions, but 
together the imiseles are eritieal for the maintenanee of 


manynormalphysiologieal fiinetions. By theirpositioning, 
they form a firm, but ílexible, wall that keeps the abdominal 
viseera within the abdominal eavity, proteets the viseera 
from injury, and helps maintain the position of the viseera 
in the ereet posture against the aetion of gravity. 

In addition, eontraetion of these muscles assists in both 
quiet and foreed expiration by pushing the viseera upward 
(which helps push the relaxed diaphragm further into the 
thoraeie eavity) and in coughing and vomiting. 

All these muscles are also involved in any aetion that 
inereases intraabdominal pressure, including parturition 
(ehildbirth), micturition (urination), and defeeation (expul- 
sion of feees from the rectum). 

Flat musdes 

External oblique 

The most superficial of the three ílat muscles in the antero- 
lateral group of abdominal wall muscles is the external 
oblique, which is immediately deep to the superficial 
faseia (Fig. 4.27, Table 4.1). Its laterally plaeed muscle 
fibers pass in an inferomedial direetion, while its large 
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Fig. 4.27 External oblique muscle and its aponeurosis. 
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aponeurotic eomponent eovers the anterior part of the 
abdominal wall to the midline. Approaehing the midline, 
the aponeuroses are entwined, forming the linea alba, 
which extends from the xiphoid proeess to the pubic 
symphysis. 

Assoeiated ligaments 

The lower border of the external oblique aponeurosis forms 
the inguinal ligament on eaeh side (Fig. 4.27). This 
thiekened reinforeed free edge of the external oblique apo- 
neurosis passes between the anterior superior iliae spine 
laterally and the pubic tubercle medially (Fig. 4.28). It folds 


under itself forming a trough, which plays an important 
role in the formation of the inguinal eanal. 

Several other ligaments are also formed from extensions 
of the fibers at the medial end of the inguinal ligament: 

The lacunar ligament is a ereseent-shaped extension 
of fibers at the medial end of the inguinal ligament that 
pass backward to attaeh to the peeten pubis on the 
superior ramus of the pubic bone (Figs. 4.28 and 4.29). 
Additional fibers extend from the lacunar ligament 
along the peeten pubis of the pelvie brim to form the 
peetineal (eooper's) ligament. 
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Fig.4.28 Ligaments formed from the external oblique 
aponeurosis. 
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Fig. 4.29 Ligaments of the inguinal region. 


283 


































Abdomen 


Internal oblique 

Deep to the external oblique muscle is the internal 
oblique muscle, which is the seeond of the three flat 
muscles (Fig. 4.30, Table 4.1). This muscle is smaller and 
thinner than the external oblique, with most of its muscle 
fibers passing in a superomedial direetion. Its lateral mus- 
cular eomponents end anteriorly as an aponeurosis that 
blends into the linea alba at the midline. 


Transversus abdominis 

Deep to the internal oblique muscle is the transversus 
abdominis muscle (Fig. 4.31, Table 4.1), so named 
because of the direetion of most of its imisele fibers. It ends 
in an anterior aponeurosis, which blends with the linea 
alba at the midline. 
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Fig.4.30 Internal oblique muscle and its aponeurosis. 
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Fig. 4.31 Transversus abdominis muscle and its aponeurosis. 


Transversalis faseia 

Eaeh of the three flat muscles is eovered on its anterior and 
posterior surfaces by a layer of deep (or investing) faseia. 
In general, these layers are unremarkable except for the 
layer deep to the transversus abdominis muscle (the trans- 
versalis faseia), which is better developed. 

The transversalis faseia is a continuous layer of deep 
faseia that lines the abdominal eavity and continues into 
the pelvie eavity. It erosses the midline anteriorly, assoeiat- 
ing with the transversalis faseia of the opposite side, and is 
continuous with the faseia on the inferior surface of the 
diaphragm. It is continuous posteriorly with the deep faseia 


eovering the muscles of the posterior abdominal wall and 
attaehes to the thoracolumbar faseia. 

After attaehing to the erest of the ilium, the transversa- 
lis faseia blends with the faseia eovering the muscles assoei- 
ated with the upper regions of the pelvie bones and with 
similar faseia eovering the muscles of the pelvie eavity. At 
this point, it is referred to as the parietal pelvie (or endo- 
pelvie) faseia. 

There is therefore a continuous layer of deep faseia sur- 
rounding the abdominal eavity that is thiek in some areas, 
thin in others, attaehed or free, and partieipates in the 
formation of speeialized structures. 
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Vertieal muscles 

The two vertieal muscles in the anterolateral group of 
abdominal wallmuscles are the large rectus abdominis and 
the small pyramidalis (Fig. 4.32, Table 4.1). 


Rectus abdominis 

The rectus abdominis is a long, flat muscle and extends 
the length of the anterior abdominal wall. It is a paired 
muscle, separated in the midline by the linea alba, and it 


Table 4.1 Abdominal wall muscles 


Miisde 

Origin 

Insertion 

Innervatìon 

Function 

External oblique 

Muscular slips from the outer 
surfaces of the lower eight 
ribs (ribs V to XII) 

Lateral lip of iliae erest; 
aponeurosis ending in 
midline raphe (linea alba) 

Anterior rami of lower six 
thoraeie spinal nerves 
(T7 to T12) 

Compress abdominal 
eontents; both muscles flex 
trunk; eaeh muscle bends 
trunk to same side, turning 
anterior part of abdomen to 
opposite side 

Internal oblique 

Thoracolumbar faseia; iliae 
erest between origins of 
external and transversus; 
lateral two-thirds of inguinal 
ligament 

Inferior border of the 
lower three or four ribs; 
aponeurosis ending in 
linea alba; pubic erestand 
peetineal line 

Anterior rami of lower six 
thoraeie spinal nerves 
(T7 to T12) and L1 

Compress abdominal 
eontents; both muscles flex 
trunk; eaeh muscle bends 
trunk and turns anterior part 
of abdomen to same side 

Transversus 

abdominis 

Thoracolumbar faseia; medial 
lip of iliae erest; lateral 
one-third of inguinal 
ligament; eostal eartilages 
lower six ribs (ribs VII to XII) 

Aponeurosis ending in 
linea alba; pubic erest and 
peetineal line 

Anterior rami of lower six 
thoraeie spinal nerves 
(T7 to T12) and L1 

Compress abdominal 
eontents 

Rectus abdominis 

Pubic erest, pubic tubercle, 
and pubic symphysis 

Costal eartilages of ribs V 
to VII; xiphoid proeess 

Anterior rami of lower 
seven thoraeie spinal 
nerves (T7to T12) 

Compress abdominal 
eontents; flex vertebral 
column; tense abdominal wall 

Pyramidalis 

Front of pubis and pubic 
symphysis 

Into linea alba 

Anterior ramus of T12 

Tenses the linea alba 
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Fig. 4.32 Rectus abdominis and pyramidalis muscles. 
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widens and thins as it aseends from the pubic symphysis to 
the eostal margin. Along its course, it is interseeted by 
three or four transverse fibrous bands or tendinous inter- 
seetions (Fig. 4.32). These are easily visible on individuals 
with a well-developed rectus abdominis. 

Pyramidalis 

The seeond vertieal muscle is the pyramidalis. This small, 
triangular muscle, which may be absent, is anterior to 
the rectus abdominis and has its base on the pubis, and its 
apex is attaehed superiorly and medially to the linea alba 

(Fig. 4.32). 

Rectus sheath 

The rectus abdominis and pyramidalis muscles are enelosed 
in an aponeurotic tendinous sheath (the rectus sheath) 
formed by a unique layering of the aponeuroses of the 
external and internal oblique, and transversus abdominis 
muscles (Fig. 4.33). 

The rectus sheath eompletely eneloses the upper three- 
quarters of the rectus abdominis and eovers the anterior 
surface of the lower one-quarter of the muscle. As no 
sheath eovers the posterior surface of the lower quarter of 
the rectus abdominis muscle, the muscle at this point is in 
direet eontaet with the transversalis faseia. 


The formation of the rectus sheath surrounding the 
upper three-quarters of the rectus abdominis muscle has 
the following pattern: 

The anterior wall eonsists of the aponeurosis of the 
external oblique and half of the aponeurosis of the 
internal oblique, which splits at the lateral margin of 
the rectus abdominis. 

The posterior wall of the rectus sheath eonsists of the 
other half of the aponeurosis of the internal oblique 
and the aponeurosis of the transversus abdominis. 

At a point midway between the umbilicus and the pubic 
symphysis, eorresponding to the beginning of the lower 
one-quarter of the rectus abdominis muscle, all of the apo- 
neuroses move anterior to the rectus muscle. There is no 
posterior wall of the rectus sheath and the anterior wall of 
the sheath eonsists of the aponeuroses of the external 
oblique, the internal oblique, and the transversus abdomi- 
nis muscles. From this point inferiorly, the rectus abdomi- 
nis muscle is in direet eontaet with the transversalis faseia. 
Marking this point of transition is an areh of fibers (the 
arcuate line; see Fig. 4.32). 
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Fig. 4.33 Organization of the rectus sheath. A. Transverse seetion through the upper three-quarters of the rectus sheath. B. Transverse 
seetion through the lovver one-quarter of the rectus sheath. 
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Extraperitoneal faseia 

Deep to the transversalis faseia is a layer of eonneetive 
tissue, the extraperitoneal faseia, which separates the 
transversalis faseia from the peritoneum (Fig. 4.34). Con- 
taining varying amounts of fat, this layer not only lines the 
abdominal eavity but is also continuous with a similar 
layer lining the pelvie eavity. It is abundant on the posterior 
abdominal wall, espeeially around the kidneys, continues 
over organs eovered by peritoneal refleetions, and, as the 
vasculature is loeated in this layer, extends into mesenter- 
ies with the blood vessels. Viseera in the extraperitoneal 
faseia are referred to as retroperitoneal. 

In the deseription of speeifìe surgical procedures, the 
terminology used to deseribe the extraperitoneal faseia is 
further modifìed. The faseia toward the anterior side of the 
body is deseribed as preperitoneal (or, less eommonly, pro- 
peritoneal) and the faseia toward the posterior side of the 
body has been deseribed as retroperitoneal (Fig. 4.35). 


Examples of the use of these terms would be the continuity 
of fat in the inguinal eanal with the preperitoneal fat and 
a transabdominal preperitoneal laparoseopie repair of an 
inguinal hernia. 

Peritoneum 

Deep to the extraperitoneal faseia is the peritoneum (see 
Figs. 4.6 and 4.7 on pp. 260-261). This thin serous mem- 
brane lines the walls of the abdominal eavity and, at 
various points, refleets onto the abdominal viseera, provid- 
ing either a eomplete or a partial eovering. The peritoneum 
lining the walls is the parietal peritoneum; the peritoneum 
eovering the viseera is the viseeral peritoneum. 

The continuous lining of the abdominal walls by the 
parietal peritoneum forms a sae. This sae is elosed in men 
but has two openings in women where the uterine tubes 
provide a passage to the outside. The elosed sae in men and 
the semielosed sae in women is ealled the peritoneal eavity. 
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Fig. 4.34 Transverse seetion showing the layers of the abdominal wall. 
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Extraperitoneal faseia 


Preperitoneal Retroperitoneal 



Fig. 4.35 Subdivisions of the extraperitoneal faseia. 


Innervation 

The skin, muscles, and parietal peritoneum of the antero- 
lateral abdominal wall are supplied by T7 to T12 and L1 
spinal nerves. The anterior rami of these spinal nerves pass 
around the body, from posterior to anterior, in an infero- 
medial direetion (Fig. 4.36). As they proeeed, they give off 
a lateral cutaneous braneh and end as an anterior cutane- 
ous braneh. 

The intereostal nerves (T7 to T11) leave their intereostal 
spaees, passing deep to the eostal eartilages, and continue 
onto the anterolateral abdominal wall between the inter- 
nal oblique and transversus abdominis muscles (Fig. 4.37). 
Reaehing the lateral edge of the rectus sheath, they enter 
the rectus sheath and pass posterior to the lateral aspeet 
of the rectus abdominis muscle. Approaehing the midline, 
an anterior cutaneous braneh passes through the rectus 
abdominis muscle and the anterior wall of the rectus 
sheath to supply the skin. 
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Fig. 4.36 Innervation of the anterolateral abdominal wall. 
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Fig. 4.37 Path taken by the nerves innervating the anterolateral abdominal wall. 


Spinal nerve T12 (the subcostal nerve) follows a 
similar course as the intereostals. Branehes of L1 (the ilio- 
hypogastrie nerve and ilio-inguinal nerve), which 
originate from the lumbar plexus, follow similar courses 
initially, but deviate from this pattern near their final 
destination. 

Along their course, nerves T7 to T12 and L1 supply 
branehes to the anterolateral abdominal wall muscles 
and the underlying parietal peritoneum. All terminate by 
supplying skin: 

Nerves T7 to T9 supply the skin from the xiphoid proeess 
to just above the umbilicus. 

T10 supplies the skin around the umbilicus. 

Tll, T12, and L1 supply the skin from just below 
the umbilicus to, and including, the pubic region 

(Fig. 4.38). 

Additionally, the ilio-inguinal nerve (a braneh of 
Ll) supplies the anterior surface of the scrotum or 
labia majora, and sends a small cutaneous braneh to 
the thigh. 
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Fig. 4.38 Dermatomes of the anterolateral abdominal wall. 
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Arterial supply and venous drainage 

Numerous blood vessels supply the anterolateral abdomi- 
nal wall. Superficially: 

the superior part of the wall is supplied by branehes 
from the musculophrenic artery, a terminal braneh 
of the internal thoraeie artery, and 
the inferior part of the wall is supplied by the medially 
plaeed superficial epigastrie artery and the laterally 
plaeed superficial circumflex iliae artery, both 
branehes of the femoral artery (Fig. 4.39). 


At a deeper level: 

the superior part of the wall is supplied by the superior 
epigastrie artery, a terminal braneh of the internal 
thoraeie artery; 

the lateral part of the wall is supplied by branehes of the 

tenth and eleventh intereostal arteries and the 
subcostal artery; and 

the inferior part of the wall is supplied by the medially 
plaeed inferior epigastrie artery and the laterally 
plaeed deep circumflex iliae artery, both branehes of 
the external iliae artery. 
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Fig. 4.39 Arterial supply to the anterolateral abdominal wall. 
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The superior and inferior epigastrie arteries both enter 
the rectus sheath. They are posterior to the rectus abdomi- 
nis muscle throughout their course, and anastomose with 
eaeh other (Fig. 4.40). 

Veins of similar names follow the arteries and are 
responsible for venous drainage. 

Lymphatie drainage 

Lymphatie drainage of the anterolateral abdominal wall 
follows the basie prineiples of lymphatie drainage: 

Superficial lymphaties above the umbilicus pass in a 
superior direetion to the axillary nodes, while drain- 
age below the umbilicus passes in an inferior direetion 

to the siiperfieial inguinal nodes. 


Deep lymphatie drainage follows the deep arteries baek 
to parasternal nodes along the internal thoraeie 
artery, lumbar nodes along the abdominal aorta, and 
external iliae nodes along the external iliae artery. 

GROIN 

The groin (inguinal region) is the area of junction between 
the anterior abdominal wall and the thigh. In this area, the 
abdominal wall is weakened from ehanges that occur 
during development and a peritoneal sae or diverticulum, 
with or without abdominal eontents, ean therefore pro- 
trude through it, ereating an inguinal hernia. This type 
of hernia ean occur in both sexes, but it is most eommon 
in males. 
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Fig. 4.40 Superior and inferior epigastrie arteries. 
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The inherent weakness in the anterior abdominal wall 
in the groin is caused by ehanges that occur during the 
development of the gonads. Before the deseent of the testes 
and ovaries from their initial position high in the posterior 
abdominal wall, a peritoneal outpouching (the processus 
vaginalis) forms (Fig. 4.41), protmding through the 
various layers of the anterior abdominal wall and acquir- 
ing eoverings from eaeh: 

The transversalis faseia forms its deepest eovering. 

The seeond eovering is formed by the musculature of 
the internal oblique (a eovering from the transversus 
abdominis muscle is not acquired because the processus 
vaginalis passes under the arehing fibers of this abdomi- 
nal wall muscle). 

■ Its most superficial eovering is the aponeurosis of the 
external oblique. 


As a result the processus vaginalis is transformed into a 
tubular structure with multiple eoverings from the layers 
of the anterior abdominal wall. This forms the basie struc- 
ture of the inguinal eanal. 

The final event in this development is the deseent of 
the testes into the scrotum or of the ovaries into the 
pelvie eavity. This proeess depends on the development 
of the gubernaculum, which extends from the inferior 
border of the developing gonad to the labioserotal swellings 

(Fig. 4.41). 

The processus vaginalis is immediately anterior to the 
gubernaculum within the inguinal eanal. 

In men, as the testes deseend, the testes and their 
aeeompanying vessels, ducts, and nerves pass through the 
inguinal eanal and are therefore surrounded by the same 
faseial layers of the abdominal wall. Testicular deseent 
eompletes the formation of the spermatie eord in men. 


Parietal peritoneum 


Extraperitoneal faseia 


Transversalis faseia 


oblique muscle 


ique musc e 


Testis 


Processus vaginalis 


Gubernaculum 



Fig. 4.41 Deseent of the testis from week 7 (postfertilization) to birth. 
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In women, the ovaries deseend into the pelvie eavity and 
beeome assoeiated with the developing uterus. Therefore, 
the only remaining structure passing through the inguinal 
eanal is the round ligament of the uterus, which is a 
remnant of the gubernaculum. 

The development sequence is concluded in both sexes 
when the processus vaginalis obliterates. If this does not 
occur or is ineomplete, a potential weakness exists in the 
anterior abdominal wall and an inguinal hernia may 
develop. In males, only proximal regions of the tunica vagi- 
nalis obliterate. The distal end expands to enelose most of 
the testis in the scrotum. In other words, the eavity of the 
tunica vaginalis in men forms as an extension of the devel- 
oping peritoneal eavity that beeomes separated off during 
development. 

Inguinal eanal 

The inguinal eanal is a slit-like passage that extends in a 
downward and medial direetion, just above and parallel to 
the lower half of the inguinal ligament. It begins at the 


deep inguinal ring and continues for approximately 4 em, 
ending at the superficial inguinal ring (Fig. 4.42). The eon- 
tents of the eanal are the genital braneh of the genitofemo- 
ral nerve, the spermatie eord in men, and the round 
ligament of the uterus in women. Additionally, in both 
sexes, the ilio-inguinal nerve passes through part of the 
eanal, exiting through the superficial inguinal ring with 
the other eontents. 

Deep inguinal ring 

The deep (internal) inguinal ring is the beginning of the 
inguinal eanal and is at a point midway between the ante- 
rior superior iliae spine and the pubic symphysis (Fig. 
4.43). It is just above the inguinal ligament and immedi- 
ately lateral to the inferior epigastrie vessels. Although 
sometimes referred to as a defeet or opening in the trans- 
versalis faseia, it is actually the beginning of the tubular 
evagination of transversalis faseia that forms one of the 
eoverings (the internal spermatie faseia) of the sper- 
matie eord in men or the round ligament of the uterus in 
women. 
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Fig.4.42 lnguinal eanal. 
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Fig.4.43 Deep inguinal ring and the transversalis faseia. 


Siiperfìeial inguinal ring 

The superficial (external) inguinal ring is the end of the 
inguinal eanal and is superior to the pubic tubercle (Fig. 
4.44). It is a triangular opening in the aponeurosis of the 
external oblique, with its apex pointing superolaterally and 
its base formed by the pubic erest. The two remaining sides 
of the triangle (the medial crus and the lateral crus) are 
attaehed to the pubic symphysis and the pubic tubercle, 
respeetively. At the apex of the triangle the two crura are 
held together by erossing (intercrural) fibers, which prevent 
further widening of the superficial ring. 

As with the deep inguinal ring, the superficial inguinal 
ring is actually the beginning of the tubular evagination 
of the aponeurosis of the external oblique onto the stme- 
tures traversing the inguinal eanal and emerging from the 
superficial inguinal ring. This continuation of tissue over 
the spermatie eord is the external spermatie faseia. 
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Fig. 4.44 Superficial inguinal ring and the aponeurosis of the external oblique. 
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Anterior wall 

The anterior wall of the inguinal eanal is formed along its 
entire length by the aponeurosis of the external oblique 
muscle (Fig. 4.44). It is also reinforeed laterally by the 
lower fibers of the internal oblique that originate from the 
lateral two-thirds of the inguinal ligament (Fig. 4.45). This 
adds an additional eovering over the deep inguinal ring, 
which is a potential point of weakness in the anterior 
abdominal wall. Furthermore, as the internal oblique 
muscle eovers the deep inguinal ring, it also contributes a 
layer (the eremasterie faseia eontaining the eremas- 
terie muscle) to the eoverings of the structures traversing 
the inguinal eanal. 

Posterior wall 

The posterior wall of the inguinal eanal is formed along its 
entire length by the transversalis faseia (see Fig. 4.43). It is 
reinforeed along its medial one-third by the eonjoint 
tendon (inguinal falx; Fig. 4.45). This tendon is the eom- 
bined insertion of the transversus abdominis and internal 
oblique muscles into the pubic erest and peetineal line. 

As with the internal oblique muscle’s reinforeement of 
the area of the deep inguinal ring, the position of the eon- 
joint tendon posterior to the superficial inguinal ring 


provides additional support to a potential point of weak- 
ness in the anterior abdominal wall. 

Roof 

The roof (superior wall) of the inguinal eanal is formed by 
the arehing fibers of the transversus abdominis and inter- 
nal oblique muscles (Figs. 4.45 and 4.46). They pass from 
their lateral points of origin from the inguinal ligament to 
their eommon medial attaehment as the eonjoint tendon. 

Floor 

The floor (inferior wall) of the inguinal eanal is formed by 
the medial one-half of the inguinal ligament. This rolled- 
under, free margin of the lowest part of the aponeurosis of 
the external oblique forms a gutter or trough on which the 
eontents of the inguinal eanal are positioned. The lacunar 
ligament reinforees most of the medial part of the gutter. 

Contents 

The eontents of the inguinal eanal are: 
the spermatie eord in men, and 

the round ligament of the uterus and genital braneh of 
the genitofemoral nerve in women. 
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Fig. 4.45 Internal oblique muscle and the inguinal eanal. 
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Transversus abdominis muscle 



These structures enter the inguinal eanal through the 
deep inguinal ring and exit it through the superficial ingui- 
nal ring. 

Additionally, theilio-inguinalnerve (Ll) passes through 
part of the inguinal eanal. This nerve is a braneh of the 
lumbar plexus, enters the abdominal wall posteriorly by 
piereing the internal surface of the transversus abdominis 
muscle, and continues through the layers of the anterior 
abdominal wall by piereing the internal oblique muscle. As 
it continues to pass inferomedially, it enters the inguinal 
eanal. It continues down the eanal to exit through the 
superficial inguinal ring. 

Spermatie eord 

The spermatie eord begins to form proximally at the deep 
inguinal ring and eonsists of structures passing between 
the abdominopelvie eavities and the testis, and the three 
faseial eoverings that enelose these structures (Fig. 4.47). 

The structures in the spermatie eord include: 

the ductus deferens, 

the artery to the ductus deferens (from the inferior 

vesieal artery), 


the testicular artery (from the abdominal aorta), 

■ the pampiniform plexus of veins (testicular veins), 

the eremasterie artery and vein (small vessels assoeiated 
with the eremasterie faseia), 

the genital braneh of the genitofemoral nerve (innerva- 
tion to the eremasterie muscle), 

■ sympathetie and viseeral afferent nerve fibers, 
lymphaties, and 

remnants of the processus vaginalis. 

These structures enter the deep inguinal ring, proeeed 
down the inguinal eanal, and exit from the superficial 
inguinal ring, having acquired the three faseial eoverings 
during their journey. This eolleetion of structures and 
faseias continues into the scrotum where the structures 
eonneet with the testes and the faseias surround the testes. 

Three faseias enelose the eontents of the spermatie 
eord: 

■ The internal spermatie faseia, which is the deepest layer, 
arises from the transversalis faseia and is attaehed to the 
margins of the deep inguinal ring. 

The eremasterie faseia with the assoeiated eremasterie 
muscle, which is the middle faseial layer, arises from the 
internal oblique muscle. 

The external spermatie faseia, which is the most super- 
fieial eovering of the spermatie eord, arises from the 
aponeurosis of the external oblique muscle and is 
attaehed to the margins of the superficial inguinal ring 

(Fig. 4.47). 

Roiind ligament of the uterus 

The round ligament of the uterus is a eord-like structure 
that passes from the uterus to the deep inguinal ring where 
it enters the inguinal eanal. It passes down the inguinal 
eanal and exits through the superficial inguinal ring. At 
this point, it has ehanged from a eord-like structure to a 
few strands of tissue, which attaeh to the eonneetive tissue 
assoeiated with the labia majora. As it traverses the ingui- 
nal eanal, it acquires the same eoverings as the spermatie 
eord in men. 

The round ligament of the uterus is the long distal part 
of the original gubernaculum in the fetus that extends 
from the ovary to the labioserotal swellings. From its 
attaehment to the uterus, the round ligament of the 
uterus continues to the ovary as the ligament of the 
ovary that develops from the short proximal end of 
the gubernaculum. 
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Fig. 4.47 Spermatie eord. 
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In the elinie 

Cremasteric ref1ex 

In men, the eremaster muscle and eremasterie faseia 
form the middle or seeond eovering of the spermatie 
eord. This muscle and its assoeiated faseia are supplied 
by the genital braneh of the genitofemoral nerve (L1/ 
L2). Contraction of this muscle and the resulting 
elevation of the testis ean be stimulated by a reflex are. 
Gently touching the skin at and around the anterior 
aspeet of the superior part of the thigh stimulates the 
sensory fibers in the ilio-inguinal nerve. These sensory 
fibers enter the spinal eord at level L1. At this level, the 
sensory fibers stimulate the motor fibers earried in the 
genital braneh of the genitofemoral nerve, which results 
in eontraetion of the eremaster muscle and elevation of 
the testis. 

The eremasterie reflex is more aetive in ehildren, 
tending to diminish with age. As with many reflexes, it 
may be absent in eertain neurological disorders. 
Although it ean be used for testing spinal eord function 
at level L1 in men, its elinieal use is limited. 
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Fig. 4.48 indireet inguinal hernia. 


Inguinal hernias 

An inguinal hernia is the protmsion or passage of a peri- 
toneal sae, with or without abdominal eontents, through 
a weakened part of the abdominal wall in the groin. It 
occurs because the peritoneal sae enters the inguinal 
eanal either: 

indireetly, through the deep inguinal ring, or 

direetly, through the posterior wall of the inguinal 

eanal. 

Inguinal hernias are therefore elassifìed as either indi- 
reet or direet. 

indireet inguinal hernias 

The indireet inguinal hernia is the most eommon of the 
two types of inguinal hernia and is much more eommon 
in men than in women (Fig. 4.48). It occurs because some 


part, or all, of the embryonie processus vaginalis remains 
open or patent. It is therefore referred to as being eongeni- 
tal in origin. 

The protmding peritoneal sae enters the inguinal eanal 
by passing through the deep inguinal ring, just lateral to 
the inferior epigastrie vessels. The extent of its excursion 
down the inguinal eanal depends on the amount of proees- 
sus vaginalis that remains patent. If the entire processus 
vaginalis remains patent, the peritoneal sae may traverse 
the length of the eanal, exit the superficial inguinal ring, 
and continue into the scrotum in men or the labia majus 
in women. In this ease, the protmding peritoneal sae 
acquires the same three eoverings as those assoeiated with 
the spermatie eord in men or the round ligament of the 
uterus in women. 
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Direet inguinal hernias 

A peritoneal sae that enters the medial end of the inguinal 
eanal direetly through a weakened posterior wall is a direet 
inguinal hernia (Fig. 4.49). It is usually deseribed as 
acquiredbecause it develops when abdominal musculature 
has been weakened, and is eommonly seen in mature men. 
The bulging occurs medial to the inferior epigastrie vessels 
in the inguinal triangle (Hesselbaeh’s triangle), which is 
bounded: 

laterally by the inferior epigastrie artery, 

■ medially by the rectus abdominis muscle, and 

inferiorly by the inguinal ligament (Fig. 4.50). 

Internally, a thiekening of the transversalis faseia (the 
iliopubic traet) follows the course of the inguinal ligament 

(Fig. 4.50). 

This type of inguinal hernia does not traverse the entire 
length of the inguinal eanal but may exit through the 
superficial inguinal ring. When this occurs, the peritoneal 
sae acquires a layer of external spermatie faseia and ean 
extend, like an indireet hernia, into the scrotum. 
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Fig. 4.49 Direet inguinal hernia. 
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Fig. 4.50 Right inguinal triangle. A. Internal view. 
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Fig. 4.50, eont'd B. Laparoseopie view showing the parietal peritoneum still eovering the area. 


In the elinie 

Masses around the groin 

Around the groin there is a complex confluence of 
anatomieal structures. Careful examination and good 
anatomieal knovvledge allovvs determination of the 
eorreet anatomieal structure from vvhieh the mass arises 
and therefore the diagnosis. The most eommon masses in 
the groin are hernias. 

The key to groin examination is determining the 
position of the inguinal ligament. The inguinal ligament 
passes betvveen the anterior superior iliae spine laterally 
and the pubic tubercle medially. Inguinal hernias are 
above the inguinal ligament and are usually more 
apparent on standing. A visual assessment of the lump is 
neeessary, bearing in mind the anatomieal landmarks of 
the inguinal ligament. 

In men, it is wise to examine the scrotum to eheek for a 
lump. If an abnormal mass is present, an inability to feel 
its upper edge suggests that it may originate from the 
inguinal eanal and might be a hernia. By plaeing the hand 
over the lump and asking the patient to cough, the lump 
bulges outward. 

An attempt should be made to reduce the swelling by 
applying gentle, fìrm pressure over the lump. If the lump 
is reducible, the hand should be withdrawn and careful 
observation will reveal recurrence of the mass. 

The position of an abnormal mass in the groin relative 
to the pubic tubercle is very important, as are the 
presenee of inereased temperature and pain, which may 
represent early signs of strangulation or infeetion. 

As a general rule: 

■ An inguinal hernia appears through the superficial 
inguinal ring above the pubic tubercle and erest. 


■ A femoral hernia (see below) appears through the 
femoral eanal below and lateral to the pubic 
tubercle. 

A hernia is the protmsion of a viscus, in part or in 
whole, through a normal or abnormal opening.The viscus 
usually earries a eovering of parietal peritoneom, which 
forms the lining of the hernial sae. 

Inguinal hernias 

Hernias occur in a variety of regions. The eommonest 
site is the groin of the lower anterior abdominal wall. In 
some patients, inguinal hernias are present from birth 
(eongenital) and are caused by the persistenee of the 
processus vaginalis and the passage of viseera through 
the inguinal eanal. Acquired hernias occur in older 
patients and causes include raised intraabdominal 
pressure (e.g v from repeated coughing assoeiated with 
lung disease), damage to nerves of the anterior abdominal 
wall (e.g v from surgical abdominal ineisions), and 
weakening of the walls of the inguinal eanal. 

One of the potential problems with hernias is that 
bowel and fat may beeome stuck within the hernial sae. 
This ean cause appreeiable pain and bowel obstroetion, 
neeessitating urgent surgery. Another potential risk is 
strangiilation of the hernia, in which the blood supply 
to the bowel is cut off at the neek of the hernial sae, 
rendering the bowel isehemie and susceptible to 
perforation. 

The hernial sae of an indireet inguinal hernia enters 
the deep inguinal ring and passes through the inguinal 
eanal. If the hernia is large enough, the hernial sae may 
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emerge through the superficial inguinal ring. In men, such 
a hernia may extend into the scrotum (Fig. 4.51), 

The hernial sae of a direet inguinal hernia pushes 
forward through the posterior wall of the inguinal eanal 
immediately posterior to the superficial inguinal ring. 

The hernia protmdes direetly forward medial to the 
inferior epigastrie vessels and through the superficial 
inguinal ring. 

The differentiation between an indireet and a direet 
inguinal hernia is made during surgery when the inferior 
epigastrie vessels are identifìed at the medial edge of the 
deep internal ring: 

■ An indireet hernial sae passes lateral to the inferior 
epigastrie vessels. 

■ A direet hernia is medial to the inferior epigastrie 
vessels. 

Inguinal hernias occur more eommonly in men than in 
women possibly because men have a much larger 
inguinal eanal than women. 

Femoral hernias 

A femoral hernia passes through the femoral eanal and 
into the medial aspeet of the anterior thigh. The femoral 


eanal lies at the medial edge of the femoral sheath, which 
eontains the femoral artery, femoral vein, and lymphaties. 
The neek of the femoral eanal is extremely narrow and is 
proneto trapping bowel within the sac 7 so making this 
type of hernia irreducible and susceptible to bowel 
strangulation. Femoral hernias are usually acquired, are 
not eongenital, and most eommonly occur in middle-aged 
and elderly populations. In addition, because women 
generally have wider pelvises than men, they tend to 
occur more eommonly in women. 

Sportsmen's groin/sportsmen's hernia 
The groin ean loosely be defined as the area where the leg 
meets the trunk near the midline. Here the abdominal 
muscles of the trunk blend in with the adductor muscles 
of the thigh, the medial end of the inguinal ligament 
attaehes to the pubic tubercle, the pubic symphysis 
attaehes the two pubic bones together, and the superficial 
(external) inguinal ring occurs. It also is in and around this 
region where there is eonsiderable translation of foree 
during most athletie and sporting aetivities. Pain in the 
groin or pubic region ean be due to numerous causes, 
which include inflammatory ehanges at the pubic 
symphysis, insertional problems of the rectus abdominis/ 
adductor longus, and hernias. 


Right indireet Corpus spongiosum 

inguinal hernia Corpora eavernosa 



Fig. 4.51 Right indireet inguinal hernia. T2, fat saturated, 
weighted magnetie resonanee image in the eoronal plane of 
a male groin. 


ilmbilieal hernias 

(Jmbilieal hernias are rare. Oeeasionally, they are 
eongenital and result from failure of the small bowel to 
return to the abdominal eavity from the umbilical eord 
during development. After birth, umbilical hernias may 
result from ineomplete closure of the umbilicus (navel). 
Overall, most of these hernias elose in the first year of life, 
and surgical repair is not generally attempted until later. 

Para-umbilical hernias may occur in adults at and 
around the umbilicus and often have small neeks, so 
requiring surgical treatment. 

ineisional hernias 

ineisional hernias occur through a defeet in a sear of a 
previous abdominal operation. Usually, the neeks of these 
hernias are wide and do not therefore strangulate the 
viseera they eontain. 

Other hernias 

A spigelian hernia passes upward through the arcuate 
line into the lateral border at the lower part of the 
posterior rectus sheath. It may appear as a tender mass on 
one side of the lower anterior abdominal wall. 

Abdominopelvie eavity hernias ean also develop in 
assoeiation with the pelvie walls, and sites include the 
obturator eanal, the greater seiatie foramen and above 
and below the piriformis muscle. 
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ABDOMINAL VISCERA 
Peritoneum 

A thin membrane (the peritoneum) lines the walls of the 
abdominal eavity and eovers much of the viseera. The pari- 
etal peritoneum lines the walls of the eavity and the vis- 
eeral peritoneum eovers the viseera. Between the parietal 
and viseeral layers of peritoneum is a potential spaee 
(the peritoneal eavity). Abdominal viseera either are sus- 
pended in the peritoneal eavity by folds of peritoneum 
(mesenteries) or are outside the peritoneal eavity. Organs 
suspended in the eavity are referred to as intraperitoneal 
(Fig. 4.52); organs outside the peritoneal eavity, with only 
one surface or part of one surface eovered by peritoneum, 
are retroperitoneal. 

Innervation of the peritoneum 

The parietal peritoneum assoeiated with the abdominal 
wall is innervated by somatie afferents earried in branehes 
of the assoeiated spinal nerves and is therefore sensitive to 
well-localized pain. The viseeral peritoneum is innervated 
by viseeral afferents that aeeompany autonomic nerves 
(sympathetie and parasympathetie) baek to the eentral 
nervous system. Aetivation of these fibers ean lead to 
referred and poorly loealized sensations of diseomfort, and 
to reflex viseeral motor aetivity. 




Viseeral peritoneum 



Parielaì peritoneam 



Fig. 4.52 A. Intraperitoneal. B. Retroperitoneal. 


303 










Abdomen 


Peritoneal eavity 

The peritoneal eavity is subdivided into the greater sae and 
the omental bursa (lesser sae; Fig. 4.53). 

The greater sae accounts for most of the spaee in 
the peritoneal eavity, beginning superiorly at the dia- 
phragm and continuing inferiorly into the pelvie eavity. 
It is entered onee the parietal peritoneum has been 
penetrated. 

The omental bursa is a smaller subdivision of the peri- 
toneal eavity posterior to the stomaeh and liver and is 


continuous with the greater sae through an opening, 
the omental (epiploie) foramen (Fig. 4.54). 

Surrounding the omental (epiploie) foramen are nmner- 
ous structures eovered with peritoneum. They include the 
portal vein, hepatie artery proper, and bile duct anteriorly; 
the inferior vena eava posteriorly; the caudate lobe of 
the liver superiorly; and the first part of the duodenum 
inferiorly. 


Dìaphragm 



Lesser omentum 


Stomaeh 
Transverse mesoeolon 


T ransverse eolon 
Greater sae 


Greater omentum 


Smali intestine 


Omental bursa 



Fig. 4.53 Greater and lesser saes of the peritoneal eavity. 
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Fig. 4.54 Transverse seetion illustrating the continuity between the greater and lesser saes through the omental (epiploie) foramen. 


In the elinie 

Peritoneum 

A small volume of peritoneal fluid vvithin the peritoneal 
eavity lubricates movement of the viseera suspended in 
the abdominal eavity. 

The peritoneal spaee has a large surface area, vvhieh 
faeilitates the spread of disease through the peritoneal 
eavity and overthe bovvel and viseeral surfaces. 
Oonversely, this large surface area ean be used for 
administering eertain types of treatment and a 
number of procedures. 

Ventriculoperitoneal shunts 

Patients with obstructive hydrocephalus (an excessive 
accumulation of eerebrospinal fluid within the eerebral 
ventricular system) require continuous drainage of this 
fluid. This is aehieved by plaeing a fine-bore eatheter 
through the skull into the eerebral ventrieles and plaeing 
the extracranial part of the tube beneath the sealp and 


skin of the ehest wall and then passing it through the 
abdominal wall into the peritoneal eavity. Cerebrospinal 
fluid drains through the tube into the peritoneal eavity, 
where it is absorbed. 

Diaiysis and peritoneai dialysis 

People who develop renal failure require dialysis to live. 
There are two methods. 

In the first method (hemodialysis), blood is taken from 
the circulation, dialyzed through a complex artifieial 
membrane, and returned to the body. A high rate of 
blood fìow is required to remove excess body fluid, 
exchange eleetrolytes, and remove noxious metabolites. 
To aeeomplish this, either an arteriovenous fistula is 
established surgically (by eonneeting an artery to a vein, 
usually in the upper limb, and requiring approximately six 
weeks to "mature") and is cannulated eaeh time the 
patient returns for dialysis, or a large-bore cannula is 
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plaeed into the right atriom, through which blood ean be 
aspirated and returned. 

In the seeond method of dialysis, the peritoneum is 
used as the dialysis membrane. The large surface area of 
the peritoneal eavity is an ideal dialysis membrane for 
fluid and eleetrolyte exchange. To aeeomplish dialysis, a 
small tube is inserted through the abdominal wall and 
dialysis fluid is injeeted into the peritoneal eavity. 
Eleetrolytes and molecules are exchanged aeross the 
peritoneum between the fluid and blood. Onee dialysis is 
eompleted, the fluid is drained. 

Peritoneal spread ofdisease 

The large surface area of the peritoneal eavity allows 
infeetion and malignant disease to spread easily 
throughout the abdomen (Fig. 4.55). If malignant eells 
enter the peritoneal eavity by direet invasion (e.g., from 
eolon or ovarian eaneer), spread may be rapid. Similarly, a 
surgeon excising a malignant tumor and releasing 
malignant eells into the peritoneal eavity may cause an 
appreeiable worsening of the patient's prognosis. 
infeetion ean also spread aeross the large surface area. 

The peritoneal eavity ean also aet as a barrier to, and 
eontainer of, disease. Intraabdominal infeetion therefore 
tends to remain below the diaphragm rather than spread 
into other body eavities. 

Perforated bowel 

A perforated bowel (e.g v caused by a perforated duodenal 
ulcer) often leads to the release of gas into the peritoneal 


eavity. This peritoneal gas ean be easily visualized on an 
ereet ehest radiograph—gas ean be demonstrated in 
extremely small amounts beneath the diaphragm. A 
patient with severe abdominal pain and subdiaphragmatic 
gas needs a laparotomy. 


Peritoneal metastasis 
on surface of liver 


Inferior vena eava 


Aorta 




Left kidney 



Fig. 4.55 Peritoneal metastasis on the surface of the liver. 
Computed tomogram in the axial plane of the upper abdomen. 
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Omenta, mesenteries, and ligaments 

Throughout the peritoneal eavity numerous peritoneal 
folds eonneet organs to eaeh other or to the abdominal 
wall. These folds (omenta, mesenteries, and ligaments) 
develop from the original dorsal and ventral mesenteries, 
which suspend the developing gastrointestinal traet in the 
embryonie eoelomie eavity. Some eontain vessels and 
nerves supplying the viseera, while others help maintain 
the proper positioning of the viseera. 

Omenta 

The omenta eonsist of two layers of peritoneum, which 
pass from the stomaeh and the first part of the duodenum 
to other viseera. There are two: 

the greater omentum, derived from the dorsal mesen- 
tery, and 

the lesser omentum, derived from the ventral 
mesentery. 

Greater omentum 

The greater omentum is a large, apron-like, peritoneal 
fold that attaehes to the greater curvature of the stomaeh 
and the first part of the duodenum (Fig. 4.56). It drapes 
inferiorly over the transverse eolon and the eoils of the 
jejunum and ileum (see Fig. 4.53). Turning posteriorly, it 
aseends to assoeiate with, and beeome adherent to, the 
peritoneum on the superior surface of the transverse eolon 
and the anterior layer of the transverse mesoeolon before 
arriving at the posterior abdominal wall. 

Usually a thin membrane, the greater omentum always 
eontains an accumulation of fat, which may beeome sub- 
stantial in some individuals. Additionally, there are two 
arteries and aeeompanying veins, the right and left 
gastro-omental vessels, between this double-layered 
peritoneal apron just inferior to the greater curvature of 
the stomaeh. 

Lesser omentum 

The other two-layered peritoneal omentum is the lesser 
omentum (Fig. 4.5 7). It extends from the lesser curvature 
of the stomaeh and the first part of the duodenum to the 
inferior surface of the liver (Figs. 4.53 and 4.57). 

A thin membrane continuous with the peritoneal eover- 
ings of the anterior and posterior surfaces of the stomaeh 
and the first part of the duodenum, the lesser omentum is 
divided into: 


Liver Xiphoid proeess Stomaeh 



Greater omentum 


Fig. 4.56 Greater omentum. 


a medial hepatogastrie ligament, which passes between 
the stomaeh and liver, and 

a lateral hepatoduodenal ligament, which passes 
between the duodenum and liver. 

The hepatoduodenal ligament ends laterally as a free 
margin and serves as the anterior border of the omental 
foramen (Fig. 4.54). Enelosed in this free edge are the 
hepatie artery proper, the bile duct, and the portal vein. 
Additionally, the right and left gastrie vessels are between 
the layers of the lesser omentum near the lesser curvature 
of the stomaeh. 
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Fig. 4.57 Lesser omentum. 


In the elinie 

The greater omentum 

When a laparotomy is performed and the peritoneal eavity 
is opened, the first structure usually encountered is the 
greater omentum. This fatty double-layered vascular 
membrane hangs like an apron from the greater curvature 
of the stomaeh, drapes over the transverse eolon, and lies 
freely suspended vvithin the abdominal eavity. It is often 
referred to as the "polieeman of the abdomen" because of 
its apparent ability to migrate to any inflamed area and 
wrap itself around the organ to wall off inflammation. 
When a part of bowel beeomes inflamed, it eeases 
peristalsis. This aperistaltie area is referred to as a loeal 
paralytie ileus. The remaining noninflamed part of the 


bowel continues to move and "massages" the greater 
omentum to the region where there is no peristalsis. The 
loealized infìammatory reaetion spreads to the greater 
omentom, which then adheres to the diseased area 
of bowel. 

The greater omentum is also an important site for 
metastatie tumor spread. Direet omental spread by a 
transeoelomie route is eommon for eareinoma of the 
ovary. As the metastases develop within the greater 
omentom, it beeomes signifieantly thiekened. 

In computed tomography imaging and during 
laparotomy, the thiekened omentum is referred to 
as an "omental eake." 
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Mesenteries 

Mesenteries are peritoneal folds that attaeh viseera to the 
posterior abdominal wall. They allow some movement and 
provide a conduit for vessels, nerves, and lymphaties to 
reaeh the viseera and inehide: 

the mesentery—assoeiated with parts of the small 
intestine, 

the transverse mesoeolon—assoeiated with the trans- 
verse eolon, and 

the sigmoid mesoeolon—assoeiated with the sigmoid 
eolon. 

All of these are derivatives of the dorsal mesentery. 

Mesentery 

The mesentery is a large, fan-shaped, double-layered fold 
of peritoneum that eonneets the jejunum and ileum to the 
posterior abdominal wall (Fig. 4.58). Its superior attaeh- 
ment is at the duodenojejunal junction, just to the left of 
the upper lumbar part of the vertebral column. It passes 
obliquely downward and to the right, ending at the ileoee- 
eal junction near the upper border of the right saero-iliae 
joint. In the fat between the two peritoneal layers of the 
mesentery are the arteries, veins, nerves, and lymphaties 
that supply the jejunum and ileum. 

Transverse mesoeolon 

The transverse mesoeolon is a fold of peritoneum that 
eonneets the transverse eolon to the posterior abdominal 
wall (Fig. 4.58). Its two layers of peritoneum leave the pos- 
terior abdominal wall aeross the anterior surface of the 
head and body of the panereas and pass outward to sur- 
round the transverse eolon. Between its layers are the 
arteries, veins, nerves, and lymphaties related to the trans- 
verse eolon. The anterior layer of the transverse mesoeolon 
is adherent to the posterior layer of the greater omentum. 


Root of the transverse mesoeolon 



Fig.4.58 Peritoneal refleetions, forming mesenteries, outlined on 
the posterior abdominal wall. 


vertebra SIII. The sigmoid and superior reetal vessels, along 
with the nerves and lymphaties assoeiated with the sigmoid 
eolon, pass through this peritoneal fold. 


Sigmoid mesoeolon 

The sigmoid mesoeolon is an inverted, V-shaped perito- 
neal fold that attaehes the sigmoid eolon to the abdominal 
wall (Fig. 4.58). The apex of the V is near the division of 
the left eommon iliae artery into its internal and external 
branehes, with the leí’t limb of the deseending V along the 
medial border of the left psoas major muscle and the right 
limb deseending into the pelvis to end at the level of 


Ligaments 

Peritoneal ligaments eonsist of two layers of peritoneum 
that eonneet two organs to eaeh other or attaeh an organ 
to the body wall, and may form part of an omentum. They 
are usually named after the structures being eonneeted. 
For example, the splenorenal ligament eonneets the left 
kidney to the spleen and the gastrophrenie ligament eon- 
neets the stomaeh to the diaphragm. 
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Organs 

Abdominal esophagus 

The abdominal esophagus represents the short distal part 
of the esophagus loeated in the abdominal eavity. Emerg- 
ing through the right crus of the diaphragm, usually at the 
level of vertebra TX, it passes from the esophageal hiatus 
to the eardial orifiee of the stomaeh just left of the midline 

(Fig. 4.59). 

Assoeiated with the esophagus, asit enters the abdomi- 
nal eavity, are the anterior and posterior vagal trunks: 

The anterior vagal trunk eonsists of several smaller 
trnnks whose fibers mostly eome from the left vagus 
nerve; rotation of the gut during development moves 
these trnnks to the anterior surface of the esophagus. 
Similarly, the posterior vagal trunk eonsists of a 
single trunk whose fibers mostly eome from the right 
vagus nerve, and rotational ehanges during develop- 
ment move this trunk to the posterior surface of the 
esophagus. 


Areh of aorta 



Right crus of 
diaphragm 


Abdominal esophagus 


310 


Fig. 4.59 Abdominal esophagus 


The arterial supply to the abdominal esophagus 
(Fig. 4.60) inehides: 

esophageal branehes from the left gastrie artery (from 
the eeliae trunk), and 

esophageal branehes from the left inferior phrenie 
artery (from the abdominal aorta). 

Stomaeh 

The stomaeh is themost dilated part of the gastrointestinal 
traet and has a J-like shape (Figs. 4.61 and 4.62). Posi- 
tioned between the abdominal esophagus and the small 
intestine, the stomaeh is in the epigastrie, umbilical, and 
left hypochondrium regions of the abdomen. 

The stomaeh is divided into four regions: 

the eardia, which surrounds the opening of the esopha- 
gus into the stomaeh; 

the fundus of the stomaeh, which is the area above the 
level of the eardial orifiee; 

the body of the stomaeh, which is the largest region of 
the stomaeh; and 

the pylorie part, which is divided into the pylorie antrum 
and pylorie eanal and is the distal end of the stomaeh. 


Short gastrie arteries 


Splenie artery 


Esophageal braneh 
Hepatie artery proper 


Right gastrie 
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Fig. 4.60 Arterial supply to the abdominal esophagus and 
stomaeh. 
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Pylorie eonstrietion 


Duodenum 
Fig. 4.61 Stomaeh. 


The most distal portion of the pylorie part of the stomaeh 
is the pyloriis (Fig. 4.61 ). It is marked on the surfaee of the 
organ by the pylorie eonstrietion and eontains a thiek- 
ened ring of gastrie circular muscle, the pylorie sphine- 
ter, that surrounds the distal opening of the stomaeh, the 
pylorie orifìee (Figs. 4.61 and 4.62B). The pylorie orifiee 
is just to the right of midline in a plane that passes through 
the lower border of vertebra LI (the transpylorie plane). 
Other features of the stomaeh include: 

■ the greater curvature, which is a point of attaehment 
for the gastrosplenie ligament and the greater omentum; 

■ the lesser curvature, which is a point of attaehment 
for the lesser omentum; 

■ the eardial noteh, which is the superior angle ereated 
when the esophagus enters the stomaeh; and 

the angular incisure, which is a bend on the lesser 
curvature. 

The arterial supply to the stomaeh (Fig. 4.60) inehides: 

■ the left gastrie artery from the eeliae trank, 

the right gastrie artery from the hepatie artery proper, 


Superior part of duodenum Esophagus 

Pylorie antrum 


Fundus of stomaeh 



Deseending part of duodenum 


Body of stomaeh 
Duodenal jejunal flexure 


Normal duodenal eap 


Pylorte orifiee 


Pylorie antrum of stomaeh 



Pylorie sphineter Pylorie eanal Inferior duodenum 


Fig.4.62 Radiograph, using barium, showing the stomaeh and duodenum. A. Double-contrast radiograph of the stomaeh. B. Double-contrast 
radiograph showing the duodenal eap. 
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the right gastro-omental artery from the gastroduode- 
nal artery, 

the left gastro-omental artery from the splenie artery, 
and 

the posterior gastrie artery from the splenie artery 
(variant and not always present). 

Small intestine 

The small intestine is the longest part of the gastrointesti- 
nal traet and extends from the pylorie orifiee of the 
stomaeh to the ileoeeeal fold. This hollow tube, which is 
approximately 6 to 7 m long with a narrowing diameter 
from beginning to end, eonsists of the duodenum, the 
jejunum, and the ileum. 

Duodenum 

The first part of the small intestine is the duodenum. This 
C-shaped structure, adjaeent to the head of the panereas, 
is 20 to 2 5 em long and is above the level of the umbilicus; 
its lumen is the widest of the small intestine (Fig. 4.63). It 


is retroperitoneal except for its beginning, which is eon- 
neeted to the liver by the hepatoduodenal ligament, a part 
of the lesser omentum. 

The duodenum is divided into four parts (Fig. 4.63). 

The superior part (first part) extends from the pylorie 
orifiee of the stomaeh to the neek of the gallbladder, is 
just to the right of the body of vertebra LI, and passes 
anteriorly to the bile duct, gastroduodenal artery, portal 
vein, and inferior vena eava. Clinically, the beginning of 
this part of the duodenum is referred to as the ampulla 
or duodenal eap, and most duodenal ulcers occur in this 
part of the duodenum. 

■ The deseending part (seeond part) of the duodenum 
is just to the right of midline and extends from the neek 
of the gallbladder to the lower border of vertebra LIII. 
Its anterior surface is erossed by the transverse eolon, 
posterior to it is the right kidney, and medial to it is 
the head of the panereas. This part of the duodenum 
eontains the major duodenal papilla, which is the 
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Fig. 4.63 Duodenum. 
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eommon entranee for the bile and panereatie ducts, and 
the minor duodenal papilla, which is the entranee for 
the aeeessory panereatie duct, and the junction of the 
foregut and the midgut just below the major duodenal 
papilla. 

The inferior part (third part) of the duodenum is the 
longest seetion, erossing the inferior vena eava, the 
aorta, and the vertebral eohimn (Figs. 4.62B and 4.63). 
Itis erossed anteriorly by the superior mesenterie artery 
and vein. 

The aseending part (fourth part) of the duodenum 
passes upward on, or to the left of, the aorta to approxi- 
mately the upper border of vertebra LII and terminates 

at the duodenojejunal flexure. 

This duodenojejunal flexure is surrounded by a fold of 
peritoneum eontaining muscle fìbers ealled the suspen- 
sory muscle (ligament) of duodenum (ligament of 
Treitz). 

The arterial supply to the duodenum (Fig. 4.64) 
includes: 


branehes from the gastroduodenal artery, 

■ the supraduodenal artery from the gastroduodenal 
artery, 

duodenal branehes from the anterior superior panere- 
aticoduodenal artery (from the gastroduodenal artery), 
duodenal branehes from the posterior superior panere- 
aticoduodenal artery (from the gastroduodenal artery), 
duodenal branehes from the anterior inferior panereati- 
coduodenal artery (from the inferior pancreaticoduode- 
nal artery—a braneh of the superior mesenterie artery), 

■ duodenal branehes from the posterior inferior panere- 
aticoduodenal artery (fromthe inferior pancreaticoduo- 
denal artery—a braneh of the superior mesenterie 
artery), and 

■ the fìrst jejunal braneh from the superior mesenterie 
artery. 

Jejunum 

The jejunum and ileum make up the last two seetions of 

the small intestine (Fig. 4.65). The jejunumrepresents the 

proximal two-fìfths. It is mostly in the left upper quadrant 


Posterior superior 
pancreaticoduodenal artery 


Hepatie artery proper 


Gastroduodenal 


Left gastrie artery 


Right gastro- 
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Supraduodenal 
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artery 
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pancreaticoduodenal 
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Superior mesenterie 
artery 


Abdominal aorta 


Anterior inferior 
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Fig. 4.64 Arterial supply to the duodenum. 


Jejunum 


Stomaeh 
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Fig. 4.65 Radiograph, using barium, showing the jejunum and 
ileum. 
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of the abdomen and is larger in diameter and has a thieker 
wall than the ileum. Additionally, the inner mucosal lining 
of the jejunum is eharaeterized by numerous prominent 
folds that eirele the lumen (plieae circulares). The less 
prominent arterial areades and longer vasa reeta (straight 
arteries) eompared to those of the ileum are a unique ehar- 
aeteristie of the jejunum (Fig. 4.66). 

The arterial supply to the jejunum includes jejunal 
arteries from the superior mesenterie artery. 

Ileiim 

The ileum makes up the distal three-fìfths of the small 
intestine and is mostly in the right lower quadrant. Com- 
pared to the jejunum, the ileum has thinner walls, fewer 
and less prominent mucosal folds (plieae circulares), 
shorter vasa reeta, more mesenterie fat, and more arterial 
areades (Fig. 4.66). 

The ileum opens into the large intestine, where the 
cecum and aseending eolon join together. Two flaps pro- 
jeeting into the lumen of the large intestine (the ileoeeeal 
fold) surround the opening (Fig. 4.67). The flaps of the 



Arterial areades 
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lleoeeeal 
fold flaps 
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Fig. 4.67 lleoeeeal junction. A. Radiograph shovving ileoeeeal 
junction. B. lllustration shovving ileoeeeal junction and the 
ileoeeeal fold. C. Endoseopie image of the ileoeeeal fold. 
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Fig. 4.66 Differenees in the arterial supply to the small intestine. 
A. Jejunum. B. Ileum. 
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ileoeeeal fold eome together at their end, forming ridges. 
Musculature from the ileum continues into eaeh flap, 
forming a sphineter. Possible functions of the ileoeeeal fold 
include preventing reflux from the cecum to the ileum, and 
regulating the passage of eontents from the ileum to the 
cecum. 

The arterial supply to the ileum (Fig. 4.68) includes: 

ileal arteries from the superior mesenterie artery, and 
an ileal braneh from the ileoeolie artery (from the supe- 
rior mesenterie artery). 

In the elinie 

Epithelial transition between the abdominal 
esophagiis and stomaeh 

The gastroesophageal junction is demareated by a 
transition from one epithelial type to another epithelial 
type. In some people, the histologieal junction does not 
lie atthe physiologieal gastroesophageal junction but is 
in the lower one-third of the esophagus. This may 
predispose these people to esophageal ulceration and 
is also assoeiated with an inereased risk of 
adenoeareinoma. 


Superior mesenterie artery 



Jejunal and ileal arteries 


Fig. 4.68 Arterial supply to the ileum. 


In the elinie 

Duodenal ulceration 

Duodenal ulcers usually occur in the superior part of the 
duodenum and are much less eommon than they were 
50 years ago. At first, there was no treatment and patients 
died from hemorrhage or peritonitis. As surgical 
techniques developed, patients with duodenal ulcers were 
subjected to extensive upper gastrointestinal surgery 
to prevent ulcer recurrence and for some patients 
the treatment was dangerous. As knowledge and 
understanding of the meehanisms for aeid seeretion in the 
stomaeh inereased, drugs were developed to bloekaeid 
stimulation and seeretion indireetly (histamine H 2 -receptor 
antagonists) and these have signifieantly reduced 
the morbidity and mortality rates of this disease. 
Pharmaeologieal therapy ean now direetly inhibit the eells 
of the stomaeh that produce aeid with, for example, 
proton pump inhibitors. Patients are also sereened for the 
baeteria Helieobaeterpylori, which when eradieated (by 
antibiotie treatment) signifieantly reduces duodenal ulcer 
formation. 

Anatomieally, duodenal ulcers tend to occur either 
anteriorly or posteriorly. 


Posterior duodenal ulcers erode either direetly onto the 
gastroduodenal artery or, more eommonly, onto the 
posterior superior pancreaticoduodenal artery, which ean 
produce torrential hemorrhage, which may be fatal in 
some patients. Treatment may involve extensive upper 
abdominal surgery with ligation of the vessels or by 
endovascular means whereby the radiologist may plaee a 
very fine eatheter retrogradely from the femoral artery 
into the eeliae artery. The eommon hepatie artery and the 
gastroduodenal artery are cannulated and the bleeding 
area may be bloeked using small eoils, which stem the 
flow of blood. 

Anterior duodenal ulcers erode into the peritoneal 
eavity, causing peritonitis. This intense inflammatory 
reaetion and the loeal ileus promote adhesion of the 
greater omentom, which attempts to seal off the 
perforation. The stomaeh and duodenum usually eontain 
eonsiderable amounts of gas, which enters the peritoneal 
eavity and ean be observed on a ehest radiograph of an 
ereet patient as subdiaphragmatic gas. In most instanees, 
treatment for the ulcer is surgical. 
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ln the elinie 

Examination of the upper gastrointestinal traet 

It is often neeessary to examine the esophagus r stomaeh, 
doodenam, and proximal jejunum for disease. After taking 
an appropriate history and examining the patient, most 
physieians arrange a series of simple blood tests to look for 
bleeding, inflammation, and tumors. The next steps in the 
investigation assess the three eomponents of any loop of 
bowel 7 namely, the lumen, the wall, and masses extrinsic 
to the bowel, which may eompress or erode into it. 

Examination of the bowel lumen 

Barium sulfate solutions may be swallowed by the patient 
and ean be visualized using an X-ray fluoroscopy unit. The 
lumen ean be examined for masses (e.g v polyps and 
tumors) and peristaltie waves ean be assessed. Patients 
may also be given earbon dioxide-releasing granules to 
fill the stomaeh so that the barium thinly eoats the 
mucosa 7 resulting in images displaying fine mucosal detail. 
These tests are relatively simple and ean be used to image 
the esophagus r stomaeh, duodenum, and small bowel. 

Examination of the bowel wall and extrinsic masses 

Endoseopy is a minimally invasive diagnostie medieal 
procedure that ean be used to assess the interior surfaces 
of an organ by inserting a tube into the body. The 
instrument is typieally made of a flexible plastie material 
through which a light source and eyepieee are attaehed 
at one end. Some systems allow passage of small 
instruments through the main bore of the endoseope to 
obtain biopsies and to also undertake small procedures 
(e.g v the removal of polyps). 


In gastrointestinal and abdominal medieine an 
endoseope is used to assess the esophagus r stomaeh, 
duodenum, and proximal small bowel (Figs. 4.69 to 4.72). 
The tube is swallowed by the patient under light sedation 
and is extremely well tolerated. 

Assessment of the eolon is performed by passage of 
the tube through the anus and into the rectum. The 
whole of the eolon ean be readily assessed; biopsies and 
the plaeement of stents ean also be performed using this 
deviee. 



Fig.4.69 The endoseope is a flexible plastie tube that ean be 
eontrolled from the proximal end. Through a side portal various 
deviees ean be inserted, which run through the endoseope 
and ean be used to obtain biopsies and to perform minor 
endoluminal surgical procedures (e.g., excision of polyps). 
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In the dinie—eont'd 



Fig.4.70 Endoseopie images of the gastroesophageal junction. A. Normal. B. Esophageal eaneer at esophageal junction. 




Fig. 4.71 Endoseopie image of the pylorie antrum of the 
stomaeh looking toward the pyloms. 


Fig. 4.72 Endoseopie image showing normal appearanee of the 
seeond part of the duodenum. 
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ln the elinie 

Meekel's diverticulum 

A Meekel's diverticulum (Fig. 4.73) is the remnant of the 
proximal part of the yolk stalk (vitelline duct) that extends 
into the umbilical eord in the embryo and lies on the 
antimesenterie border of the ileum. It appears as a 
blind-ended tubular outgrowth of bowel. Although it is an 



Fig. 4.73 Vasculature assoeiated with a Meekel’s diverticulum. A. 
angiography. 


uncommon finding (occurring in approximately 2% of the 
popolation), it is always important to eonsider the 
diagnosis of Meekel's diverticulum because it does 
produce symptoms in a small number of patients. Typieal 
findings include hemorrhage, intossoseeption, 
diverticulitis, ulceration, and obstruction. 



Surgical image of MeekeFs diverticulum. B. Digital subtraction 


ln the elinie In the elinie 


Computed tomography (CT) seanning and 
magnetie resonanee imaging (MRI) 

These imaging techniques ean provide important 
information about the wall of the bowel that may not 
be obtained from barium or endoseopie studies. 
Thiekening of the wall may indieate inflammatory 
ehange or tumor and is always regarded with suspicion. 
If a tumor is demonstrated, the loeoregional spread ean 
be assessed, along with lymphadenopathy and 
metastatie spread. 

Advaneed imaging methods 

A small ultrasound deviee plaeed on the end of the 
endoseope ean produce extremely high-powered 
views of the mucosa and submucosa of the upper 
gastrointestinal traet. These views ean show whether a 
tumor is reseetable and guide the elinieian in taking a 
biopsy. 


eareinoma of the stomaeh 

Carcinoma of the stomaeh is a eommon gastrointestinal 
malignaney. Chronic gastrie inflammation (gastritis), 
pernicious anemia, and polyps predispose to the 
development of this aggressive eaneer, which is usually 
not diagnosed until late in the course of the disease. 
Symptoms include vague epigastrie pain, early fullness 
with eating, bleeding leading to ehronie anemia, and 
obstmetion. 

The diagnosis may be made using barium and 
eonventional radiology or endoseopy, which allows a 
biopsy to be obtained at the same time. Ultrasound 
seanning is used to eheek the liver for metastatie 
spread, and, if negative, computed tomography is 
earried out to assess for surgical reseetability. If 
eareinoma of the stomaeh is diagnosed early, a curative 
surgical reseetion is possible. However, because most 
patients do not seek treatment until late in the disease, 
the overall 5-year survival rate is between 5% and 20%, 
with a mean survival time of between 5 and 8 months. 
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Large intestine 

The large intestine extends from the distal end of the ileum 
to the anus, a distanee of approximately 1.5 m in adults. It 
absorbs flmds and salts from the gut eontents, thus forming 
feees, and eonsists of the cecum, appendix, eolon, rectum, 
and anal eanal (Figs. 4.74 and 4.75). 

Beginning in the right groin as the cecum, with its asso- 
eiated appendix, the large intestine continues upward as 


the aseending eolon through the right flank and into the 
right hypoehondrhim (Fig. 4.76). Just below the liver, it 
bends to the left, forming the right eolie flexure (hepatie 
flexure), and erosses the abdomen as the transverse 
eolon to the left hypoehondrhim. At this position, just 
below the spleen, the large intestine bends downward, 
forming the left eolie flexure (splenie flexure), and eon- 
tinues as the deseending eolon through the left flank and 
into the left groin. 


Right eolie flexuro 


Aseending eolon 


Taenìaeeols 


Cecum 



Left eolie flexure 


Omental appendìees 


Haustra of eolon 


Anal eanal 


Fig. 4.74 Large intestine. 
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Aseendìng eolon Transverse eoEon Deseending eolon 



Sigmoid eolon Rectum 

Fig. 4.75 Radiograph, using barium, showing the large intestine. 
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Fig.4.76 Position of the large intestine in the nine-region 
organizational pattern. 


It enters the upper part of the pelvie eavity as the 
sigmoid eolon, continues on the posterior wall of the pelvie 
eavity as the rectum, and terminates as the anal eanal. 
The general eharaeteristies of most of the large intestine 

(Fig. 4.74) are: 

■ its large internal diameter eompared to that of the small 
intestine; 

peritoneal-eovered accumulations of fat (the omental 
appendiees) are assoeiated with the eolon; 
the segregation of longitudinal muscle in its walls into 
three narrow bands (the taeniae eoli), which are pri- 
marily observed in the cecum and eolon and less visible 
in the rectum; and 

the sacculations of the eolon (the haustra of the 
eolon). 

Cecum and appendix 

The cecum is the fìrst part of the large intestine (Fig. 
4.77). It is inferior to theileoeeealopeningand in the right 
iliae fossa. It is an intraperitoneal structure because of its 
mobility, not because of its suspension by a mesentery. 

The cecum is continuous with the aseending eolon at 
320 the entranee of the ileum and is usually in eontaet with 
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Fig. 4.77 Cecum and appendix. 
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the anterior abdominal wall. It may eross the pelvie brim 
to lie in the true pelvis. The appendix is attaehed to the 
posteromedial wall of the cecum, just inferior to the end of 
the ileum (Fig. 4.77). 

The appendix is a narrow, hollow, blind-ended tube 
eonneeted to the cecum. It has large aggregations of lym- 
phoid tissue in its walls and is suspended from the terminal 
ileum by the mesoappendix (Fig. 4.78), which eontains 
the appendicular vessels. Its point of attaehment to the 
cecum is eonsistent with the highly visible free taeniae 
leading direetly to the base of the appendix, but the 
loeation of the rest of the appendix varies eonsiderably 
(Fig. 4.79). It may be: 

posterior to the cecum or the lower aseending eolon, or 
both, in a retroeeeal or retroeolie position; 
suspended o ver the pel vie brim in a pel vie or deseending 
position; 

below the cecum in a subcecal loeation; or 
■ anterior to the terminal ileum, possibly eontaeting the 
body wall, in a pre-ileal position or posterior to the ter- 
minal ileum in a postileal position. 

The surface projeetion of the base of the appendix is at 
the junction of the lateral and middle one-third of a line 
from the anterior superior iliae spine to the umbilicus 
(McBurney’s point). People with appendicular problems 
may deseribe pain near this loeation. 

The arterial supply to the cecum and appendix (Fig. 
4.80) inehides: 


the anterior eeeal artery from the ileoeolie artery 

(from the superior mesenterie artery), 

the posterior eeeal artery from the ileoeolie artery 

(from the superior mesenterie artery), and 

the appendicular artery í’rom the ileoeolie artery 

(from the superior mesenterie artery). 


Taeniae eoli 



Cecum 


Subcecal 

Fig. 4.79 Positions of the appendix. 
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Fig. 4.78 Mesoappendix and appendicular vessels. 
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Fig. 4.80 Arterial supply to the cecum and appendix. 
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Appendieitis 

Acute appendieitis is an abdominal emergeney. It 
usually occurs when the appendix is obstmeted by 
either a feealith or enlargement of the lymphoid 
nodules. Within the obstmeted appendix, baeteria 
proliferate and invade the appendix wall, which 
beeomes damaged by pressure neerosis. In some 
instanees, this may resolve spontaneously; in other 
eases, inflammatory ehange ( : ig. 4.81) continues and 
perforation ensues 7 which may lead to loealized or 
generalized peritonitis. 

Most patients with acute appendieitis have loealized 
tenderness in the right groin. Initially, the pain begins as 
a eentral, periombilieal, eolieky type of pain, which 
tends to eome and go. After 6 to 10 hours, the pain 
tends to loealize in the right iliae fossa and beeomes 
eonstant. Patients may develop a fever, nausea 7 and 
vomiting. The etiology of the pain for appendieitis is 
deseribed in Case 1 of Chapter 1 on p. 50. 

The treatment for appendieitis is appendeetomy. 


Thiekened wall 



Gas ín lumen 


Fig.4.81 Inflamed appendix. Ultrasound sean. 
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The eolon extends superiorly from the cecum and eonsists 
of the aseending, transverse, deseending, and sigmoid 
eolon (Fig. 4.82). Its aseending and deseending segments 
are (seeondarily) retroperitoneal and its transverse and 
322 sigmoid segments are intraperitoneal. 


Fig. 4.82 Colon. 

At the junction of the aseending and transverse eolon 
is the right eolie flexure, which is just inferior to the right 
lobe of the liver (Fig. 4.83). A similar, but more acute bend 
(the left eolie flexure) occurs at the junction of the trans- 
verse and deseending eolon. This bend is just inferior to the 
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spleen, is higher and more posterior than the right eolie 
flexure, and is attaehed to the diaphragm by the phrenieo- 
eolie ligament. 

Immediately lateral to the aseending and deseending 
eolon are the right and leftparaeoliegutters (Fig. 4.82). 
These depressions are formed between the lateral margins 
of the aseending and deseending eolon and the posterolat- 
eral abdominal wall and are gutters through which mate- 
rial ean pass from one region of the peritoneal eavity to 
another. Because major vessels and lymphaties are on 
the medial or posteromedial sides of the aseending and 
deseending eolon, a relatively blood-free mobilization of the 
aseending and deseending eolon is possible by cutting the 
peritoneum along these lateral paraeolie gutters. 

The final segment of the eolon (the sigmoid eolon) 
begins above the pelvie inlet and extends to the level of 
vertebra SIII, where it is continuous with the rectum 
(Fig. 4.82). This S-shaped structure is quite mobile except 
at its beginning, where it continues from the deseending 
eolon, and at its end, where it continues as the rectum. 
Between these points, it is suspended by the sigmoid 
mesoeolon. 

The arterial supply to the aseending eolon (Fig. 4.84) 
includes: 

the eolie braneh from the ileoeolie artery (from the supe- 

rior mesenterie artery), 

the anterior eeeal artery from the ileoeolie artery (from 

the superior mesenterie artery), 


Liver Spleen 



Right eolie flexure Transverse eolon Left eolie flexure 
Fig. 4.83 Right and left eolie flexures. 


the posterior eeeal artery from the ileoeolie artery (from 

the superior mesenterie artery), and 

the right eolie artery from the superior mesenterie 

artery. 

The arterial supply to the transverse eolon (Fig. 4.84) 
includes: 

the right eolie artery from the superior mesenterie 
artery, 

■ the middle eolie artery from the superior mesenterie 
artery, and 

■ the left eolie artery from the inferior mesenterie artery. 

The arterial supply to the deseending eolon (Fig. 4.84) 
includes the left eolie artery from the inferior mesenterie 
artery. 

The arterial supply to the sigmoid eolon (Fig. 4.84) 
includes sigmoidal arteries from the inferior mesenterie 
artery. 
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Fig. 4.84 Arterial supply to the eolon 
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Reetiim and anal eanal 

Extending from the sigmoid eolon is the rectum (Fig. 4.8 5). 
The reetosigmoid junction is usually deseribed as being at 
the level of vertebra SIII or at the end of the sigmoid meso- 
eolon because the rectum is a retroperitoneal structure. 

The anal eanal is the continuation of the large intestine 
inferior to the rectum. 

The arterial supply to the rectum and anal eanal (Fig. 
4.86) inehides: 

the superior reetal artery from the inferior mesenterie 
artery, 

■ the middle reetal artery from the internal iliae artery, 
and 

■ the inferior reetal artery from the internal pudendal 
artery (from the internal iliae artery). 



Right eommon iliae artery 


Left eommon iliae artery 


Left internal iliae artery 


Superior reetal artery 
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Fig. 4.86 Arterial supply to the rectum and anal eanal. Posterior 
view. 


Fig. 4.85 Rectum and anal eanal. 
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In the elinie 

Congenital disorders of the gastrointestinal traet 

The normal positions of the abdominal viseera result from 
a complex series of rotations that the gut tube undergoes 
and from the grovvth of the abdominal eavity to 
aeeommodate ehanges in the size of the developing 
organs (see pp. 265-268). A number of developmental 
anomalies ean occur during gut development, many of 
vvhieh appear in the neonate or infant, and some of vvhieh 
are surgical emergeneies. Oeeasionally, such disorders are 
diagnosed only in adults. 

Malrotation and midgut volvulus 

Malrotation is ineomplete rotation and fixation of the 
midgut after it has passedfrom the umbilical sae and 
returned to the abdominal eoelom (Figs. 4.87 and 4.88). 


Stomaeh Pyloms Duodenum 



Ribbon-twisted duodenum and proximal jejunum 


The proximal attaehment of the small bovvel mesentery 
begins at the suspensory muscle of duodenum 
(ligament of Treitz), vvhieh determines the position of the 
duodenojejunal junction. The mesentery of the small 
bovvel ends at the level of the ileoeeeal junction in the 
right lovver quadrant. This long line of fixation of the 
mesentery prevents aeeidental tvvists of the gut. 

If the duodenojejunal flexure or the cecum does not 
end up in its usual site, the origin of the small bovvel 
mesentery shortens, vvhieh permits tvvisting of the small 
bovvel around the axis of the superior mesenterie artery. 
Tvvisting of the bovvel, in general, is termed volvulus. 
Volvulus of the small bovvel may lead to a reduction of 
blood flow and infaretion. 

In some patients, the cecum ends up in the 
midabdomen. From the cecum and the right side of the 
eolon a series of peritoneal folds (Ladd's bands) develop 
that extend to the right undersurface of the liver and 
eompress the duodenum. A small bowel volvulus may 
then occur as well as duodenal obstmetion. Emergeney 
surgery may be neeessary to divide the bands. 



Fig. 4.87 Small bowel malrotation and volvulus. Radiograph of 
stomaeh, duodenum, and upper jejunum using barium. 


Fig. 4.88 Small bowel malrotation. Radiograph of stomaeh, 
duodenum, and jejunum using barium. 
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Bowel obstriietion 

A bowel obstruction ean be either functional or due to a 
true obstmetion. Meehanieal obstmetion is caused by an 
intraluminal, mural, or extrinsic mass which ean be 
seeondary to a foreign body, obstmeting tumor in the 
wall, or extrinsic eompression from an adhesion, or 
embryologieal band ( : ig. 4.89). 

A functional obstruction is usually due to an inability of 
the bowel to peristalse, which again has a number of 
causes, and most frequently is a postsurgical state due to 
excessive intraoperative bowel handling. Other causes 
may well include abnormality of eleetrolytes (e.g., sodium 
and potassium) rendering the bowel paralyzed until 
eorreetion has occurred. 

The signs and symptoms of obstmetion depend on the 
level at which the obstmetion has occurred. The primary 
symptom is eentral abdominal, intermittent, eolieky pain 
as the peristaltie waves try to overeome the obstmetion. 
Abdominal distention will occur if it is a low obstruction 
(distal), allowing more proximal loops of bowel to fill with 



Plieae circulares 


Dílatíon of small bowel 


Fig.4.89 This radiograph of the abdomen, anteroposterior 
view, demonstrates a number of dilated loops of small bowel. 
Small bowel ean be identified by the plieae circulares that pass 
from wall to wall as indieated. The large bowel is not dilated. 
The cause of the small bowel dilatation is an adhesion after 
pelvie surgery. 


fluid. A high obstruction (in the proximal small bowel) 
may not produce abdominal distention. 

Vomiting and absolute eonstipation, including the 
inability to pass flatus, will ensue. 

Early diagnosis is important because eonsiderable fluid 
and eleetrolytes enter the bowel lumen and fail to be 
reabsorbed, which produces dehydration and eleetrolyte 
abnormalities. Furthermore, the bowel continues to 
distend, eompromising the blood supply within the bowel 
wall, which may lead to isehemia and perforation. The 
symptoms and signs are variable and depend on the level 
of obstruction. 

Small bowel obstruction is typieally caused by 
adhesions following previous surgery, and history should 
always be sought for any operations or abdominal 
interventions (e.g., previous appendeetomy). Other causes 
include bowel passing into hernias (e.g., inguinal) and 
bowel twisting on itsown mesentery (volvulus). 
Examination of hernial orifiees is mandatory in patients 
with bowel obstruction. 

Large bowel obstruction is eommonly caused by a 
tumor. Other potential causes include hernias and 
inflammatory diverticular disease of the sigmoid eolon. 

The treatment is intravenous replaeement of fluid and 
eleetrolytes, analgesia, and relief of obstmetion. The 
passage of a nasogastrie tube allows aspiration of fluid 
from the stomaeh. In many instanees, small bowel 
obstruction, typieally seeondary to adhesions, will settle 
with nonoperative management. Large bowel obstruction 
may require an urgent operation to remove the 
obstructing lesion, or a temporary bypass procedure (e.g., 
defunctioning eolostomy) (Fig. 4.90). 



L Dista! farge bowel u GoIonÉe stent L Rectum 

Fig. 4.90 This oblique radiograph demonstrates eontrast 
passing through a eolonie stent that has been plaeed to relieve 
bowel obstruction prior to surgery. 
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In the elinie 


Diverticular disease 

Divertieiilar disease is the development of multiple eolonie 
divertieola, predominantly throughout the sigmoid eolon, 
though the vvhole eolon may be affeeted (Fig. 4.91). The 
sigmoid eolon has the smallest diameter of any portion of 
the eolon and is therefore the site vvhere intraluminal 
pressure is potentially the highest. Poor dietary fiber 
intake and obesity are also linked to diverticular disease. 

The presenee of multiple diverticula does not 
neeessarily mean the patient requires any treatment. 
Moreover, many patients have no other symptoms or 
signs. 

Patients tend to develop symptoms and signs when 
the neek of the diverticulum beeomes obstmeted by feees 
and beeomes infeeted. Inflammation may spread along 
the wall, causing abdominal pain. When the sigmoid eolon 
beeomes inflamed (divertieolitis), abdominal pain and 
fever ensue. 

Because of the anatomieal position of the sigmoid 
eolon there are a number of eomplieations that may 
occur. The diverticula ean perforate to form an abseess in 
the pelvis.The inflammation may produce an 
inflammatory mass, obstmeting the left ureter. 
Inflammation may also spread to the bladder, producing a 
fistula between the sigmoid eolon and the bladder. In 
these circumstances patients maydevelop a urinary traet 
infeetion and rarely have feeal material and gas passing 
per urethra. 

The diagnosis is based upon elinieal examination and 
often CT seanning. In the first instanee, patients will be 
treated with antibiotie therapy; however, a surgical 
reseetion may be neeessary if symptoms persist. 


Deseending eolon-t 



Diverticula 


Fig.4.91 This double-contrast barium enema demonstrates 
numerous small outpouchings throughout the distal large 
bovvel predominantly vvithin the deseending eolon and the 
sigmoid eolon. These small outpouchings are diverticula and in 
most instanees remain quiescent. 


In the elinie 
Ostomies 

It is oeeasionally neeessary to surgically externalize bowel 
to the anterior abdominal wall. Externalization of bowel 
plays an important role in patient management. These 
extraanatomical bypass procedures use our anatomieal 
knowledge and in many instanees are life saving. 

Gastrostomy 

Gastrostomy is performed when the stomaeh is attaehed 
to the anterior abdominal wall and a tube is plaeed 
through the skin into the stomaeh. Typieally this is 
performed to feed the patient when it is impossible to 
take food and fluid orally (e.g v complex head and neek 
eaneer). The procedure ean be performed either surgically 
or through a direet needlestiek puncture under sedation 
in the anterior abdominal wall. 


Jejunostomy 

Similarly the jejunum is broughtto the anterior abdominal 
wall and fìxed. The jejunostomy is used as a site where a 
feeding tube is plaeed through the anterior abdominal 
wall into the proximal efferent small bowel. 

Ileostomy 

An ileostomy is performed when small bowel eontents 
need to be diverted from the distal bowel. An ileostomy is 
often performed to proteet a distal surgical anastomosis, 
such as in the eolon to allow healing after surgery. 

Colostomy 

There are a number of instanees when a eolostomy may 
be neeessary. In many circumstances it is performed to 
proteet the distal large bowel after surgery. A further 

(eontimies) 
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indieation would include large bowel obstruction with 
imminent perforation wherein a eolostomy allows 
deeompression of the bowel and its eontents. This is a 
safe and temporizing procedure performed when the 
patient is too unwell for extensive bowel surgery. It is 
relatively straightforward and earries reduced risk, 
preventing signifieant morbidity and mortality. 

An end eolostomy is neeessary when the patient has 
undergone a surgical reseetion of the rectum and anus 
(typieally for eaneer). 

Ileal conduit 

An ileal conduit is an extraanatomical procedure and is 
performed after reseetion of the bladder for tumor. In this 
situation a short segment of small bowel is identified. The 


bowel is divided twice to produce a 20-em segment of 
small bowel on its own mesentery. This isolated segment 
of bowel is used as a conduit. The remaining bowel is 
joined together. The proximal end is anastomosed to the 
ureters, and the distal end is anastomosed to the anterior 
abdominal wall. Henee, urine passes from the kidneys into 
the ureters and through the short segment of small bowel 
to the anterior abdominal wall. 

When patients have either an ileostomy, eolostomy, or 
ileal conduit it is neeessary for them to fix a eolleeting bag 
onto the anterior abdominal wall. Contrary to one's initial 
thoughts these bags are tolerated extremely well by most 
patients and allow patients to live a nearly normal and 
healthy life. 


Liver 

The liver is the largest viseeral organ in the body and is 
primarily in the right hypoehondriiim and epigastrie 
region, extending into the left hypochondrium (or in the 
right upper quadrant, extending into the left upper quad- 
rant) (Fig. 4.92). 

Surfaces of the liver include: 

a diaphragmatie surface in the anterior, superior, and 
posterior direetions; and 

a viseeral surface in the inferior direetion (Fig. 4.93). 


Diaphragmatie surface 

The diaphragmatie surface of the liver, which is smooth 
and domed, lies against the inferior surface of the dia- 
phragm (Fig. 4.94). Assoeiated with it are the subphrenic 
and hepatorenal reeesses (Fig. 4.93): 

The subphrenic reeess separates the diaphragmatie 
surface of the liver from the diaphragm and is divided 
into right and left areas by the faleiform ligament, a 
structure derived from the ventral mesentery in the 
embryo. 

The hepatorenal reeess is a part of the peritoneal eavity 
on the right side between the liver and the right kidney 
and right suprarenal gland. 


Liver 


Midelavieiilar planes 

Subcostal plane 



lntertubercular plane 


The subphrenic and hepatorenal reeesses are continu- 
ous anteriorly. 


Fig.4.92 Position of the liver in the abdomen. 
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Liver Diaphragm Subphrenic reeess 



Hepatorenal reeess Kidney 
Fig. 4.93 Surfaces of the liver and reeesses assoeiated with the liver. 


Right lobe 


Left lobe 


Diaphragm 



Gallbíadder 


Fig. 4.94 Diaphragmatie surface of the liver. 
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Viseeral surface 

The viseeral surface of the liver is eovered with viseeral 
peritoneum except in the fossa for the gallbladder and 
at the porta hepatis (gateway to the liver; Fig. 4.95), and 
structures related to it inehide the following (Fig. 4.96): 

esophagus, 

right anterior part of the stomaeh, 
superior part of the duodenum, 
lesser omentum, 
gallbladder, 


right eolie flexure, 

■ right transverse eolon, 
right kidney, and 
right suprarenal gland. 

The porta hepatis serves as the point of entry into the 
liver for the hepatie arteries and the portal vein, and the 
exit point for the hepatie ducts (Fig. 4.95). 

Assoeiated ligaments 

The liver is attaehed to the anterior abdominal wall by the 
faleiform ligament and, except for a small area of the 
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Fig. 4.95 Viseeral surface of the liver. A. lllustration. B. Abdominal computed tomogram, with eontrast, in the axial plane. 
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liver against the diaphragm (the bare area), the liver is 
almost eompletely surrounded by viseeral peritoneum (Fig. 
4.96). Additional folds of peritoneum eonneet the liver to 
the stomaeh (hepatogastrie ligament), the duodenum 
(hepatoduodenal ligament), and the diaphragm (right 
and left triangular ligaments and anterior and poste- 
rior eoronary ligaments). 

The bare area of the liver is a part of the liver on the 
diaphragmatie surface where there is no intervening peri- 
toneum between the liver and the diaphragm (Fig. 4.96): 

The anterior boundary of the bare area is indieated by 
a refleetion of peritoneum—the anterior eoronary 
ligament. 

The posterior boundary of the bare area is indieated by 
a refleetion of peritoneum—the posterior eoronary 
ligament. 

Where the eoronary ligaments eome together laterally, 
they form the right and left triangular ligaments. 

Lobes 

The liver is divided into right and left lobes by fossae for the 
gallbladder and the inferior vena eava (Fig. 4.95). The 
right lobe of the liver is the largest lobe, whereas the left 
lobe of the liver is smaller. The quadrate and caudate 
lobes are deseribed as arising from the right lobe of the liver 
but functionally are distinet. 


The quadrate lobe is visible on the anterior part of the 
viseeral surface of the liver and is bounded on the left by 
the fìssure for the ligamentum teres and on the right 
by the fossa for the gallbladder. Functionally, it is related 
to the left lobe of the liver. 

The caudate lobe is visible on the posterior part of the 
viseeral surface of the liver. It is bounded on the left by 
the fìssure for the ligamentum venosum and on the right 
by the groove for the inferior vena eava. Functionally, it 
is separate from the right and the left lobes of the liver. 

The arterial supply to the liver includes: 

■ the right hepatie artery from the hepatie artery proper 
(a braneh of the eommon hepatie artery from the eeliae 
trunk), and 

the left hepatie artery from the hepatie artery proper (a 
braneh of the eommon hepatie artery from the eeliae 
trunk). 

Gallbladder 

The gallbladder is a pear-shaped sae lying on the viseeral 
surface of the right lobe of the liver in a fossa between the 
right and quadrate lobes (Fig. 4.95). It has: 

a rounded end (fundus of the gallbladder), which 
may projeet from the inferior border of the liver; 
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Fig. 4.96 Posterior view of the bare area of the liver and assoeiated ligaments. 


331 























Abdomen 


a major part in the fossa (body of the gallbladder), 
which may be against the transverse eolon and the 
superior part of the duodenum; and 
a narrow part (neek of the gallbladder) with mucosal 
folds forming the spiral fold. 


The arterial supply to the gallbladder (Fig. 4.97) is the 
eystie artery from the right hepatie artery (a braneh of the 
hepatie artery proper). 

The gallbladder reeeives, eoneentrates, and stores bile 
from the liver. 


Left hepatie artery Left 




Ríght hepatie artery 


Hepatie artery proper 
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Fig. 4.97 Arterial supply to the liver and gallbladder. A. Sehematie. B. Laparoseopie surgical view of eystie duct and eystie artery. 
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Panereas 

The panereas lies mostly posterior to the stomaeh 
(Figs. 4.98 and 4.99). It extends aeross the posterior 
abdominal wall from the duodenum, on the right, to the 
spleen, on the left. 


The panereas is (seeondarily) retroperitoneal except for 
a small part of its tail and eonsists of a head, uncinate 
proeess, neek, body, and tail. 

The head of the panereas lies within the C-shaped 
eoneavitv of the duodenum. 
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Fig. 4.98 Panereas. 
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Fig. 4.99 Abdominal images. A. Abdominal computed tomogram, with eontrast, in the axial plane. B. Abdominal ultrasound sean. 
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Projeeting from the lower part of the head is the imei- 
nate proeess, which passes posterior to the superior 
mesenterie vessels. 

The neek of the panereas is anterior to the superior 
mesenterie vessels. Posterior to the neek of the pan- 
ereas, the superior mesenterie and splenie veins join to 
form the portal vein. 

The body of the panereas is elongate and extends 
from the neek to the tail of the panereas. 

The tail of the panereas passes between layers of the 
splenorenal ligament. 

The panereatie duct begins in the tail of the panereas 
(Fig. 4.100). It passes to the right through the body of the 
panereas and, after entering the head of the panereas, 
turns inferiorly. In the lower part of the head of the pan- 
ereas, the panereatie duct joins the bile duct. The joining 
of these two structures forms the hepatopanereatie 
ampulla (ampulla of Vater), which enters the deseending 
(seeond) part of the duodenum at the major duodenal 


papilla. Surrounding the ampulla is the sphineter of 
ampulla (sphineter of Oddi), which is a eolleetion of 
smooth muscles. 

The aeeessory panereatie duct empties into the duo- 
denum just above the major duodenal papilla at the minor 
duodenal papilla (Fig. 4.100). If the aeeessory duct is 
followed from the minor papilla into the head of the pan- 
ereas, a braneh point is diseovered: 

One braneh continues to the leí’t, through the head of 
the panereas, and may eonneet with the panereatie duct 
at the point where it turns inferiorly. 

■ A seeond braneh deseends into the lower part of the 
head of the panereas, anterior to the panereatie duct, 
and ends in the uncinate proeess. 

The main and aeeessory panereatie ducts usually eom- 
municate with eaeh other. The presenee of these two ducts 
refleets the embryologieal origin of the panereas from 
dorsal and ventral buds from the foregut. 



Main panereatie duct 


Major duodenal papilla 
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Hepatopanereatie ampulla 


Fig. 4.100 Panereatie duct system. 
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The arterial supply to the panereas (Fig. 4.101) 
includes the: 

gastroduodenal artery from the eommon hepatie artery 
(a braneh of the eeliae trunk), 

anterior superior pancreaticoduodenal artery from the 
gastroduodenal artery, 

posterior superior pancreaticoduodenal artery from the 
gastroduodenal artery, 

dorsal panereatie artery from the inferior panereatie 
artery (a braneh of the splenie artery), 
great panereatie artery from the inferior panereatie 
artery (a braneh of the splenie artery), 

■ anterior inferior pancreaticoduodenal artery from the 
inferior pancreaticoduodenal artery (a braneh of the 
superior mesenterie artery), and 
posterior inferior pancreaticoduodenal artery from 
the inferior pancreaticoduodenal artery (a braneh of 
the superior mesenterie artery). 


Left gastro-omental artery 
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ln the elinie 

Annular panereas 

The panereas develops from ventral and dorsal buds 
from the foregut. The dorsal bud forms most of the 
head r neek, and body of the panereas. The ventral bud 
rotates around the bile duct to form part of the head 
and the uncinate proeess. If the ventral bud splits 
(beeomes bifid), the two segments may eneirele the 
duodenum. The duodenum is therefore eonstrieted and 
may even undergo atresia, and be absent at birth 
because of developmental problems. After birth, the 
ehild may fail to thrive and may vomit due to poor 
gastrie emptying. 

Sometimes an annular panereas is diagnosed in 
utero by ultrasound seanning.The obstmetion of the 
duodenum may prevent the fetus from swallowing 
enough amniotie fluid, which may inerease the overall 
volume of amniotie fluid in the amniotie sae 
surrounding the fetus (polyhydramnios). 


In the elinie 

Panereatie eaneer 

Panereatie eaneer accounts for a signifieant number of 
deaths and is often referred to as the "silent killer." 
Malignant tumors of the panereas may occur anywhere 
within the panereas but are most frequent within the 
head and the neek. There are a number of nonspeeifie 
findings in patients with panereatie eaneer, including 
upper abdominal pain, loss of appetite, and weight loss. 
Depending on the exact site of the eaneer, obstruction 
of the bile duct may occur, which ean produce 
obstmetive jaundice. Although surgery is indieated in 
patients where there is a possibility of cure, most 
deteeted eaneers have typieally spread loeally, invading 
the portal vein and superior mesenterie vessels, and 
may extend into the porta hepatis. Lymph node spread 
also is eommon and these faetors would preclude 
curative surgery. 

Given the position of the panereas, a surgical 
reseetion is a complex procedure involving reseetion of 
the region of panereatie tumor usually with part of the 
duodenum, neeessitating a complex bypass procedure. 


Fig. 4.101 Arterial supply to the panereas. Posterior view. 
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Duct system for bile 

The duct system for the passage of bile extends from the 
liver, eonneets with the gallbladder, and empties into the 
deseending part of the duodenum (Fig. 4.102). The eoales- 
eenee of ducts begins in the liver parenehyma and eontin- 
ues until the right and left hepatie ducts are formed. 
These drain the respeetive lobes of the liver. 

The two hepatie ducts eombine to form the eommon 
hepatie duct, which runs near the liver, with the hepatie 
artery proper and portal vein in the free margin of the 
lesser omentum. 


As the eommon hepatie duct continues to deseend, it 
is joined by the eystie duct from the gallbladder. This 
eompletes the formation of the bile duct. At this point, 
the bile duct lies to the right of the hepatie artery 
proper and usually to the right of, and anterior to, the 
portal vein in the free margin of the lesser omentum. 
The omental foramen is posterior to these structures at 
this point. 

The bile duct continues to deseend, passing posteriorly 
to the superior part of the duodenum before joining with 
the panereatie duct to enter the deseending part of the 
duodenum at the major duodenal papilla (Fig. 4.102). 
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Fig. 4.102 Bile drainage. A. Duct system for passage of bile. B. Percutaneous transhepatie eholangiogram demonstrating the bile duct 
system. 
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Spleen 

The spleen develops as part of the vaseiilar system in the 
part of the dorsal mesentery that suspends the developing 
stomaeh from the body wall. In the adult, the spleen lies 
against the diaphragm, in the area of rib IX to rib X (Fig. 
4.103). It is therefore in the left upper quadrant, or left 
hypochondrium, of the abdomen. 

The spleen is eonneeted to the: 

greater curvature of the stomaeh by the gastrosplenie 
ligament, which eontains the short gastrie and gastro- 
omental vessels; and 


left kidney by the splenorenal ligament (Fig. 4.104), 
which eontains the splenie vessels. 

Both these ligaments are parts of the greater omentum. 
The spleen is surrounded by viseeral peritoneum except 
in the area of the hilum on the medial surface of the spleen 
(Fig. 4.105). The splenie hilum is the entry point for the 
splenie vessels, and oeeasionally the tail of the panereas 
reaehes this area. 

The arterial supply to the spleen (Fig. 4.106) is the 
splenie artery from the eeliae trunk. 
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Fig. 4.104 Splenie ligaments and related vasculature. 


Fig. 4.103 Spleen. 
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Fig. 4.105 Surfaces and hilum of the spleen 
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Fig. 4.106 Arterial supply to the spleen. 


In the elinie 

Segmental anatomy of the liver 

For many years the segmental anatomy of the liver was of 
little importanee. However, sinee the development of liver 
reseetion surgery 7 the size, shape, and segmental anatomy 
of the liver have beeome elinieally important, espeeially 
with regard to liver reseetion for metastatie disease. 
Indeed, with detailed knowledge of the segments, 
curative surgery ean be performed in patients with tumor 
metastases. 


The liver is divided by the prineipal plane, which 
divides the organ into halves of approximately equal size. 
This imaginary line is defined by a parasagittal line that 
passes through the gallbladder fossa to the inferior vena 
eava. It is in this plane that the middle hepatie vein is found. 
Importantly, the prineipal plane divides the left half ofthe 
liver from the right half.The lobes of the liver are unequal in 
size and bear only little relevanee to operative anatomy. 

(continues) 
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The traditional eight-segment anatomy of the liver 
relates to the hepatie arterial, portal, and biliary drainage 
of these segments (Fig. 4.107). 

The caudate lobe is defined as segment I, and the 
remaining segments are numbered in a eloekvvise fashion 
up to segment VIII. The features are extremely eonsistent 
betvveen individuals. 


From a surgical perspeetive, a right hepateetomy 
would involve division of the liver in the prineipal plane in 
which segments V,VI, VII, and VIII would be removed, 
leaving segments I, II, III, and IV. 
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Fig. 4.107 Division of the liver into segments based upon the distributions of the bile ducts and hepatie vessels (Couinaud's segments) 
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In the elinie 
Gallstones 

Gallstones are present in approximately 10% of people 
over the age of 40 and are more eommon in vvomen. They 
eonsist of a variety of eomponents but are predominantly 
a mixture of eholesterol and bile pigment. They may 
undergo ealeifieation, vvhieh ean be demonstrated on 
plain radiographs. Gallstones may be visualized 
ineidentally as part of a routine abdominal ultrasound 
sean (Fig. 4.108) or on a plain radiograph. 

From time to time, gallstones impaet in the region of 
Hartmann's pouch ; vvhieh is a bulbous region of the neek 
of the gallbladder. When the gallstone lodges in this area, 
the gallbladder eannot empty normally and eontraetions 
of the gallbladder wall produce severe pain. If this persists, 
a eholeeysteetomy (removal of the gallbladder) may be 
neeessary. 

Sometimes the gallbladder may beeome inflamed 
(eholeeystitis). If the inflammation involves the related 
parietal peritoneum of the diaphragm, pain may not only 
occur in the right upper quadrant of the abdomen but 
may also be referred to the shoulder on the right side. 

This referred pain is due to the innervation of the viseeral 
peritoneum of the diaphragm by spinal eord levels (C3 to 
C5) that also innervate skin over the shoulder. In this ease, 
one somatie sensory region of low sensory output 
(diaphragm) is referred to another somatie sensory region 
of high sensory output (dermatomes). 



Gallbladder 




Gallstones 


Fig. 4.108 Gallbladder eontaining multiple stones. Ultrasound 
sean. 

From time to time, small gallstones pass into the bile 
duct and are trapped in the region of the sphineter of the 
ampolla, which obstructs the flow of bile into the 
duodenum. This, in turn, produces jaundice. 


In the elinie 
Jaundice 

Jaundice is a yellow diseoloration of the skin caused by 
excess bile pigment (bilirubin) within the plasma. The 
yellow eolor is best appreeiated by looking at the normally 
white selerae of the eyes, which turn yellow. 

The extent of the elevation of the bile pigments and 
the duration for which they have been elevated account 
for the severity of jaundice. 

Simplified explanation to understanding the types of 
jaundice and their anatomieal causes 

When red blood eells are destroyed by the 
reticuloendothelial system, the iron from the hemoglobin 
molecule is reeyeled, whereas the porphyrin ring (globin) 
compounds are broken down to form fat-soluble bilirubin. 
On reaehing the liver via the bloodstream, the fat-soluble 
bilirubin is eonverted to a water-soluble form of bilimbin. 
This water-soluble bilirubin is seereted into the biliary tree 
and then in turn into the bowel, where it forms the dark 
eolor of the stool. 


Prehepatie jaundice 

This type of jaundice is usually produced by eonditions 
where there is an excessive breakdown of red blood eells 
(e.g., in ineompatible blood transfusion and hemolytie 
anemia). 

Hepatie jaundice 

The complex bioehemieal reaetions for eonverting 
fat-soluble into water-soluble bilirubin may be affeeted by 
inflammatory ehange within the liver (e.g., from hepatitis 
or ehronie liver disease, such as liver eirrhosis) and poisons 
(e.g., paraeetamol overdose). 

Posthepatie jaundice 

Any obstmetion of the biliary tree ean produce jaundice, 
but the two most eommon causes are gallstones within 
the bile duct and an obstructing tumor at the head of the 
panereas. 
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ln the elinie 
Spleen disorders 

From a elinieal point of view 7 there are two main 
eategories of spleen disorders: rupture and enlargement. 

Splenie rupture 

This tends to occur when there is loealized trauma to the 
left upper quadrant. It may be assoeiated with left lower 
rib fractures. Because the spleen has such an extremely 
thin capsule, it is susceptible to injury even when there is 
no damage to surrounding structures, and because the 
spleen is highly vascular, when ruptured, it bleeds 
profusely into the peritoneal eavity. Splenie rupture 
should always be suspected with blunt abdominal injury. 
Current treatments preserve as much of the spleen as 
possible, but some patients require spleneetomy. 

Splenie enlargement 

The spleen is an organ of the reticuloendothelial system. 
Diseases that affeet the reticuloendothelial system (e.g v 
leukemia r lymphoma, and eertain infeetions) may produce 
generalized lymphadenopathy and enlargement of the 
spleen (splenomegaly) ( : ig. 4.109). 


Liver Spleen 



Fig. 4.109 Coronal CT of the abdomen eontaining a massively 
enlarged spleen (splenomegaly). 
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Arterial supply 

The abdominal aorta begins at the aortie hiatus of the 
diaphragm, anterior to the lower border of vertebra TXII 
(Fig. 4.110). It deseends through the abdomen, anterior to 
the vertebral bodies, and by the time it ends at the level of 
vertebra LIV it is slightly to the left of midline. The terminal 
branehes of the abdominal aorta are the two eommon 
iliae arteries. 


Anterior branehes of the abdominal aorta 

The abdominal aorta has anterior, lateral, and posterior 
branehes as it passes through the abdominal eavity. 
The three anterior branehes supply the gastrointestinal 
viseera: the eeliae trunk and the superior mesenterie 
and inferior mesenterie arteries (Fig. 4.110). 

The primitive gut tube ean be divided into foregut, 
midgut, and hindgut regions. The boundaries of these 
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Fig. 4.110 Anterior branehes of the abdominal aorta. 
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regions are direetly related to the areas of distribution 
of the three anterior branehes of the abdominal aorta 

(Fig. 4.111). 

The foregiit begins with the abdominal esophagus 
and ends just inferior to the major duodenal papilla, 
midway along the deseending part of the duodenum. 
It includes the abdominal esophagus, stomaeh, 


Foregut 


Midgut 


Hindgut 


Superior mesenterie artery 


Celiac trunk 



Abdomina! 



mesenterìe artery 


Fig. 4.111 Divisions of the gastrointestinal traet into foregut, 
midgut, and hindgut, summarizing the primary arterial supply to 
eaeh segment. 


duodenum (superior to the major papilla), liver, pan- 
ereas, and gallbladder. The spleen also develops in rela- 
tion to the foregut region. The foregut is supplied by the 
eeliae trunk. 

The midgut begins just inferior to the major duodenal 
papilla, in the deseending part of the duodenum, and 
ends at the junction between the proximal two-thirds 
and distal one-third of the transverse eolon. It includes 
the duodenum (inferior to the major duodenal papilla), 
jejunum, ileum, cecum, appendix, aseendingeolon, and 
right two-thirds of the transverse eolon. The midgut is 
supplied by the superior mesenterie artery (Fig. 4.11 1). 

■ The hindgut begins just before the left eolie flexure (the 
junction between the proximal two-thirds and distal 
one-third of the transverse eolon) and ends midway 
through the anal eanal. It includes the left one-third of 
the transverse eolon, deseending eolon, sigmoid eolon, 
rectum, and upper part of the anal eanal. The hindgut 
is supplied by the inferior mesenterie artery (Fig. 4.111 ). 


Celiac trunk 

The eeliae trunk is the anterior braneh of the abdominal 
aorta supplying the foregut. It arises from the abdominal 
aorta immediately below the aortie hiatus of the dia- 
phragm (Fig. 4.11 2), anterior to the upper part of vertebra 
LI. It immediately divides into the left gastrie, splenie, and 
eommon hepatie arteries. 

Left gastrie artery 

The left gastrie artery is the smallest braneh of the eeliae 
trunk. It aseends to the eardioesophageal junction and 
sends esophageal branehes upward to the abdominal 
part of the esophagus (Fig. 4.112). Some of these branehes 
continue through the esophageal hiatus of the diaphragm 
and anastomose with esophageal branehes from the tho- 
raeie aorta. The left gastrie artery itself turns to the right 
and deseends along the lesser curvature of the stomaeh 
in the lesser omentum. It supplies both surfaces of the 
stomaeh in this area and anastomoses with the right 
gastrie artery. 
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Fig. 4.112 Celiac trunk. A. Distribution of the eeliae trunk. B. Digital subtraction angiography of the eeliae trunk and its branehes 
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Splenie artery 

The splenie artery, the largest braneh of the eeliae trunk, 
takes a tortuous course to the left along the superior border 
of the panereas (Fig. 4.112). It travels in the splenorenal 
ligament and divides into numerous branehes, which enter 
the hilum of the spleen. As the splenie artery passes along 
the superior border of the panereas, it gives off numerous 
small branehes to supply the neek, body, and tail of the 
panereas (Fig. 4.113). 


Approaehing the spleen, the splenie artery gives off 
short gastrie arteries, which pass through the gastro- 
splenie ligament to supply the fundus of the stomaeh. It 
also gives off the left gastro-omental artery, which runs 
to the right along the greater curvature of the stomaeh, 
and anastomoses with the right gastro-omental artery. 
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Fig. 4.113 Arterial supply to the panereas. 
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Common hepatie artery 

The eommon hepatie artery is a medium-sized braneh 
of the eeliae trank that runs to the right and divides into 
its two terminal branehes, the hepatie artery proper and 
the gastroduodenal artery (Figs. 4.112 and 4.113). 

The hepatie artery proper aseends toward the liver in 
the free edge of the lesser omentmn. It runs to the left of 
the bile duct and anterior to the portal vein, and divides 
into the right and left hepatie arteries near the porta 
hepatis (Fig. 4.114). 

As the right hepatie artery nears the liver, it gives off the 
eystie artery to the gallbladder. 

The gastroduodenal artery may give off the supraduo- 
denal artery and does give off the posterior superior pan- 
creaticoduodenal artery near the upper border of the 
superior part of the duodenum. After these branehes the 
gastroduodenal artery continues deseending posterior 


to the superior part of the duodenum. Reaehing the 
lower border of the superior part of the duodenum, the 
gastroduodenal artery divides into its terminal branehes, 
the right gastro-omental artery and the anterior 
superior pancreaticoduodenal artery (Fig. 4.113). 

The right gastro-omental artery passes to the left, 
along the greater curvature of the stomaeh, eventually 
anastomosing with the left gastro-omental artery from the 
splenie artery. The right gastro-omental artery sends 
branehes to both surfaces of the stomaeh and additional 
branehes deseend into the greater omentum. 

The anterior superior pancreaticoduodenal artery 
deseends and, along with the posterior superior panereati- 
coduodenal artery, supplies the head of the panereas and 
the duodenum (Fig. 4.11 3). These vessels eventually anas- 
tomose with the anterior and posterior branehes of the 
inferior pancreaticoduodenal artery. 
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Fig. 4.114 Distribution of the eommon hepatie artery. 
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Superior mesenterie artery 

The siiperior mesenterie artery is the anterior braneh 
of the abdominal aorta supplying the midgut. It arises from 
the abdominal aorta immediately below the eeliae artery 
(Fig. 4.11 5), anterior to the lower part of vertebra LI. 

The superior mesenterie artery is erossed anteriorly 
by the splenie vein and the neek of the panereas. Posterior 
to the artery are the left renal vein, the uncinate proeess of 
the panereas, and the inferior part of the duodenum. After 
giving off its first braneh (the inferior pancreaticoduo- 
denal artery), the superior mesenterie artery gives off 
jejunal and ileal arteries on its left (Fig. 4.11 5). Braneh- 
ing from the right side of the main trunk of the superior 


mesenterie artery are three vessels—the middle eolie, 
right eolie, and ileoeolie arteries —which supply the 
terminal ileum, cecum, aseending eolon, and two-thirds of 
the transverse eolon. 

Inferior pancreaticoduodenal artery 

The inferior pancreaticoduodenal artery is the first braneh 
of the superior mesenterie artery. It divides immediately 
into anterior and posterior branehes, which aseend on the 
eorresponding sides of the head of the panereas. Superi- 
orly, these arteries anastomose with anterior and posterior 
superior pancreaticoduodenal arteries (see Figs. 4.114 and 
4.115). This arterial network supplies the head and unci- 
nate proeess of the panereas and the duodenum. 
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Fig. 4.115 Initial branehing and relationships of the superior mesenterie artery. 
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Jejunal and ileal arteries 

Distal to the inferior pancreaticoduodenal artery, the 
superior mesenterie artery gives off numerous branehes. 
Arising on the left is a large number of jejunal and 
ileal arteries supplying the jejunum and most of the ileum 
(Fig. 4.116). These branehes leave the main trunk of the 


artery, pass between two layers of the mesentery, and form 
anastomosing arehes or areades as they pass outward to 
supply the small intestine. The number of arterial areades 
inereases distally along the gut. 

There may be single and then double areades in the area 
of the jejunum, with a continued inerease in the number 
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Fig. 4.116 Superior mesenterie artery. A. Distribution of the superior mesenterie artery. B. Digital subtraction angiography of the superior 
mesenterie artery and its branehes. 
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of areades moving into and through the area of the ileum. 
Extending from the terminal areade are vasa reeta (straight 
arteries), which provide the final direet vascular supply to 
the walls of the small intestine. The vasa reeta supplying 
the jejunum are usually long and elose together, forming 
narrow windows visible in the mesentery. The vasa reeta 
supplying the ileum are generally short and far apart, 
forming low broad windows. 

Middle eolie artery 

The middle eolie artery is the first of the three branehes 
from the right side of the main trank of the superior mes- 
enterie artery (Fig. 4.116). Arising as the superior mesen- 
terie artery emerges from beneath the panereas, the middle 
eolie artery enters the transverse mesoeolon and divides 
into right and left branehes. The right braneh anastomoses 
with the right eolie artery while the left braneh anastomo- 
ses with the left eolie artery, which is a braneh of the infe- 
rior mesenterie artery. 

Right eolie artery 

Continuing distally along the main trank of the superior 
mesenterie artery, the right eolie artery is the seeond of the 
three branehes from the right side of the main trank of the 
superior mesenterie artery (Fig. 4.115). It is an ineonsis- 
tent braneh, and passes to the right in a retroperitoneal 
position to supply the aseending eolon. Nearing the eolon, 
it divides into a deseending braneh, which anastomoses 
with the ileoeolie artery, and an aseending braneh, which 
anastomoses with the middle eolie artery. 

lleoeolie artery 

The final braneh arising from the right side of the superior 
mesenterie artery is the ileoeolie artery (Fig. 4.116). This 
passes downward and to the right toward the right iliae 
fossa where it divides into superior and inferior branehes: 

The superior branehpasses upward along the aseending 
eolon to anastomose with the right eolie artery. 

The inferior braneh continues toward the ileoeolie junc- 
tion, dividing into eolie, eeeal, appendicular, and 
ileal branehes (Fig. 4.116). 

The speeifie pattern of distribution and origin of these 
branehes is variable: 

The eolie braneh erosses to the aseending eolon and 
passes upward to supply the first part of the aseending 
eolon. 

Anterior and posterior eeeal branehes, arising either as 
a eommon trank or as separate branehes, supply eor- 
responding sides of the cecum. 


The appendicular braneh enters the free margin of and 
supplies the mesoappendix and the appendix. 

The ileal braneh passes to the left and aseends to supply 
the final part of the ileum before anastomosing with the 
superior mesenterie artery. 

Inferior mesenterie artery 

The inferior mesenterie artery is the anterior braneh of the 
abdominal aorta that supplies the hindgut. It is the small- 
est of the three anterior branehes of the abdominal aorta 
and arises anterior to the body of vertebra LIII. Initially, the 
inferior mesenterie artery deseends anteriorly to the aorta 
and then passes to the left as it continues inferiorly (Fig. 
4.11 7). Itsbranehesinclude the left eolie artery, several 
sigmoid arteries, and the superior reetal artery. 

Left eolie artery 

The left eolie artery is the first braneh of the inferior mes- 
enterie artery (Fig. 4.117). It aseends retroperitoneally, 
dividing into aseending and deseending branehes: 

The aseending braneh passes anteriorly to the left 
kidney, then enters the transverse mesoeolon, and 
passes superiorly to supply the upper part of the deseend- 
ing eolon and the distal part of the transverse eolon; it 
anastomoses with branehes of the middle eolie artery. 
The deseending braneh passes inferiorly, supplying the 
lower part of the deseending eolon, and anastomoses 
with the first sigmoid artery. 

Sigmoid arteries 

The sigmoid arteries eonsist of two to four branehes, which 
deseend to the left, in the sigmoid mesoeolon, to supply the 
lowest part of the deseending eolon and the sigmoid eolon 
(Fig. 4.117). These branehes anastomose superiorly with 
branehes from the left eolie artery and inferiorly with 
branehes from the superior reetal artery. 

Superior reetal artery 

The terminal braneh of the inferior mesenterie artery 
is the superior reetal artery (Fig. 4.117). This vessel 
deseends into the pelvie eavity in the sigmoid mesoeolon, 
erossing the left eommon iliae vessels. Opposite vertebra 
SIII, the superior reetal artery divides. The two terminal 
branehes deseend on eaeh side of the rectum, dividing into 
smaller branehes in the wall of the rectum. These smaller 
branehes continue inferiorly to the level of the internal 
anal sphineter, anastomosing along the way with branehes 
from the middle reetal arteries (from the internal iliae 
artery) and the inferior reetal arteries (from the internal 
pudendal artery). 
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Fig. 4.117 Inferior mesenterie artery. A. Distribution of the inferior mesenterie artery. B. Digital subtraction angiography of the inferior 
mesenterie artery and its branehes. 


In the elinie 

Vascular supply to the gastrointestinal system 

The abdominal parts of the gastrointestinal system are 
supplied mainly by the eeliae trunk and the superior 
mesenterie and inferior mesenterie arteries (Fig. 4.11 8): 

■ The eeliae trunk supplies the lovver esophagus 7 
stomaeh, superior part of the duodenum, and 
proximal half of the deseending part of the 
duodenum. 

■ The superior mesenterie artery supplies the rest of 
the duodenum, the jejunum, the ileum 7 the 
aseending eolon, and the proximal two-thirds of the 
transverse eolon. 

■ The inferior mesenterie artery supplies the rest of the 
transverse eolon, the deseending eolon, the sigmoid 
eolon, and most of the rectum. 


Along the deseending part of the duodenum there is a 
potential watershed area between the eeliae trunk blood 
supply and the superior mesenterie arterial blood supply. 

It is unusual for this area to beeome isehemie, whereas the 
watershed area between the superior mesenterie artery 
and the inferior mesenterie artery, at the splenie flexure 7 is 
extremely vulnerable to isehemia. 

In eertain disease states, the region of the splenie 
fìexure of the eolon ean beeome isehemie. When this 
oeeors, the mucosa sloughs off, rendering the patient 
susceptible to infeetion and perforation of the large 
bowel, which then requires urgent surgical attention. 

Arterioselerosis may occur throughout the abdominal 
aorta and at the openings of the eeliae trunk and the 
superior mesenterie and inferior mesenterie arteries. Not 

(continues) 
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Fig. 4.118 Arterial supply to the abdominal parts of the gastrointestinal system and to the spleen. 
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In the elinie—eont'd 

infrepiiently, the inferior mesenterie artery beeomes 
occluded. Interestingly, many of these patients do not 
suffer any eomplieations, because anastomoses between 
the right, middle, and left eolie arteries gradually enlarge, 
forming a continuous marginal artery. The distal large 
bowel therefore beeomes supplied by this enlarged 
marginal artery (marginal artery of Drommond), which 
replaees the blood supply of the inferior mesenterie artery 
(Fig. 4.119). 

If the openings of the eeliae trunk and superior 
mesenterie artery beeome narrowed, the blood supply to 
the gut is diminished. After a heavy meal, the oxygen 
demand of the bowel therefore outstrips the limited 
supply of blood through the stenosed vessels, resulting in 
severe pain and diseomfort (mesenterie angina). Patients 
with this eondition tend not to eat because of the pain 
and rapidly lose weight. The diagnosis is determined by 
aortie angiography, and the stenoses of the eeliae trunk 
and superior mesenterie artery are best appreeiated in the 
lateral view. 
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Fig. 4.119 Enlarged marginal artery eonneeting the superior and 
inferior mesenterie arteries. Digital subtraction angiogram. 
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Venous drainage 

Venous drainage of the spleen, panereas, gallbladder, and 
abdominal part of the gastrointestinal traet, except for the 
inferior part of the rectum, is through the portal system of 
veins, which deliver blood from these structures to the liver. 
Onee blood passes through the hepatie sinusoids, it passes 
through progressively larger veins until it enters the hepatie 
veins, which return the venous blood to the inferior vena 
eava just inferior to the diaphragm. 

Portal vein 

The portal vein is the final eommon pathway for the 
transport of venous blood from the spleen, panereas, gall- 
bladder, and abdominal part of the gastrointestinal traet. 
It is formed by the union of the splenie vein and the 
superior mesenterie vein posterior to the neek of the 
panereas at the level of vertebra LII (Fig. 4.120). 


Aseending toward the liver, the portal vein passes pos- 
terior to the superior part of the duodenum and enters the 
right margin of the lesser omentum. As it passes through 
this part of the lesser omentum, it is anterior to the omental 
foramen and posterior to both the bile duct, which is 
slightly to its right, and the hepatie artery proper, which is 
slightly to its left (see Fig. 4.114, p. 347). 

On approaehing the liver, the portal vein divides into 
right and left branehes, which enter the liver paren- 
ehyma. Tributaries to the portal vein include: 

right and left gastrie veins draining the lesser curva- 
ture of the stomaeh and abdominal esophagus, 

■ eystie veins from the gallbladder, and 

■ the para-umbilical veins, which are assoeiated with 
the obliterated umbilical vein and eonneet to veins on 
the anterior abdominal wall (Fig. 4.122 on p. 357). 
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Fig. 4.120 Portal vein. 
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Splenie vein 

The splenie vein forms from numerous smaller vessels 
leavingthe hilumof the spleen (Fig. 4.121). It passes to the 
right, passing through the splenorenal ligament with the 
splenie artery and the tail of the panereas. Continuing 
to the right, the large, straight splenie vein is in eontaet 
with the body of the panereas as it erosses the posterior 
abdominal wall. Posterior to the neek of the panereas, the 
splenie vein joins the superior mesenterie vein to form the 
portal vein. 

Tributaries to the splenie vein include: 

■ short gastrie veins from the fundus and left part of the 
greater curvature of the stomaeh, 


the left gastro-omental vein from the greater curva- 
ture of the stomaeh, 

panereatie veins draining the body and tail of the 
panereas, and 

usually the inferior mesenterie vein. 


Superior mesenterie vein 

The superior mesenterie vein drains blood from the small 
intestine, cecum, aseending eolon, and transverse eolon 
(Fig. 4.121). It begins in the right iliae fossa as veins drain- 
ing the terminal ileum, cecum, and appendix join, and 
aseends in the mesentery to the right of the superior 
mesenterie artery. 
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Fig. 4.121 Venous drainage of the abdominal portion of the gastrointestinal traet. 
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Posterior to the neek of the panereas, the superior mes- 
enterie vein joins the splenie vein to form the portal vein. 

As a eorresponding vein aeeompanies eaeh braneh of 
the superior mesenterie artery, tributaries to the superior 
mesenterie vein inehide jejunal, ileal, ileoeolie, right eolie, 
and middle eolie veins. Additional tributaries include: 

the right gastro-omental vein, draining the right 
part of the greater curvature of the stomaeh, and 
the anterior and posterior inferior panereatieo- 
duodenal veins, which pass alongside the arteries of 
the same name; the anterior superior pancreaticoduo- 
denal vein usually empties into the right gastro-omental 
vein, and the posterior superior pancreaticoduodenal 
vein usually empties direetly into the portal vein. 


Inferior mesenterie vein 

The inferior mesenterie vein drains blood from the 
rectum, sigmoid eolon, deseending eolon, and splenie 
flexure (Fig. 4.12 1). It begins as the superior reetal vein 

and aseends, reeeiving tributaries from the sigmoid veins 
and the lef t eolie vein. All these veins aeeompany arteries 
of the same name. Continuing to aseend, the inferior mes- 
enterie vein passes posterior to the body of the panereas 
and usually joins the splenie vein. Oeeasionally, it ends at 
the junction of the splenie and superior mesenterie veins 
or joins the superior mesenterie vein. 


In the elinie 


Hepatie eirrhosis 

eirrhosis is a complex disorder of the liver, the diagnosis 
of which is eonfirmed histologieally. When a diagnosis is 
suspected 7 a liver biopsy is neeessary. 

Grrhosis is eharaeterized by widespread hepatie 
fibrosis interspersed with areas of nodular regeneration 
and abnormal reeonstmetion of preexisting lobular 
architecture. The presenee of eirrhosis implies previous or 
continuing liver eell damage. 

The etiology of eirrhosis is complex and includes toxins 
(aleohol), viral inflammation, biliary obstroetion, vascular 
outlet obstmetion, nutritional (malnutrition) causes, and 
inherited anatomieal and metabolie disorders. 

As the eirrhosis progresses, the intrahepatie vasculature 
is distorted, which in turn leads to inereased pressure in 
the portal vein and its draining tributaries (portal 
hypertension). Portal hypertension produces inereased 
pressure in the splenie venules, leading to splenie 
enlargement. At the sites of portosystemie anastomosis 
(see below), large dilated veins (variees) develop. These 
veins are susceptible to bleeding and may produce 
marked blood loss, which in some instanees ean 
be fatal. 

The liver is responsible for the production of numerous 
proteins, including those of the elotting easeade. Any 
disorder of the liver (including infeetion and eirrhosis) may 
deerease the production of these proteins and so prevent 
adequate blood elotting. Patients with severe eirrhosis of 


the liver have a signifieant risk of serious bleeding, even 
from small cuts; in addition, when variees rupture, there is 
a danger of rapid exsanguination. 

As the liver progressively fails, the patient develops 
salt and water retention, which produces skin and 
subcutaneous edema. Fluid (aseites) is also retained in the 
peritoneal eavity, which ean hold many liters. 

The poorly functioning liver eells (hepatoeytes) are 
unable to break down blood and blood prodoets, leading 
to an inerease in the serum bilimbin level, which manifests 
as jaundice. 

With the failure of normal liver metabolism, toxic 
metabolie by-products do not eonvert to nontoxic 
metabolites. This buildup of noxious compounds is made 
worse by the numerous portosystemie shunts, which 
allow the toxic metabolites to bypass the liver. Patients 
may develop severe neurological features r which may lead 
to epileptie fits, dementia, and irreversible neurological 
damage. 

Portosystemie anastomosis 

The hepatie portal system drains blood from the viseeral 
organs of the abdomen to the liver. In normal individoals, 

100% of the portal venous blood flow ean be reeovered 
from the hepatie veins, whereas in patients with elevated 
portal vein pressure (e.g v from eirrhosis), there is 
signifieantly less blood flow to the liver. The rest of the 
blood enters eollateral ehannels, which drain into the 
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ln the elinie—eont'd 

systemie circulation at speeifie points ( : ig. 4.1 22). The 
largest of these eollaterals occur at: 

■ the gastroesophageal junction around the eardia of 
the stomaeh—where the left gastrie vein and its 
tributaries form a portosystemie anastomosis with 
tributaries to the azygos system of veins of the eaval 
system; 

■ the anus—the superior reetal vein of the portal 
system anastomoses with the middle and inferior 
reetal veins of the systemie venous system; and 

■ the anterior abdominal wall around the umbilicus— 
the para-umbilical veins anastomose with veins 

on the anterior abdominal wall. 


When the pressure in the portal vein is elevated, 
venous enlargement (variees) tend to occur at and around 
the sites of portosystemie anastomoses and these 
enlarged veins are ealled: 

■ variees at the anoreetal junction ; 

■ esophageal variees at the gastroesophageal junction, 
and 

■ caput medusae at the umbilicus. 

Esophageal variees are susceptible to trauma and, onee 
damaged, may bleed profusely 7 requiring urgent surgical 
intervention. 
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Fig. 4.122 Portosystemie anastomoses. 
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Abdomen 



Lymphaties 

Lymphatie drainage of the abdominal part of the gastroin- 
testinal traet, as low as the inferior part of the rectum, as 
well as the spleen, panereas, gallbladder, and liver, is 
through vessels and nodes that eventually end in large eol- 
leetions of pre-aortie lymph nodes at the origins of the 
three anterior branehes of the abdominal aorta, which 
supply these structures. These eolleetions are therefore 
referred to as the eeliae, superior mesenterie, and infe- 
rior mesenterie groups of pre-aortie lymph nodes. Lymph 
from viseera is supplied by three routes: 

■ The eeliae trunk (i.e., structures that are part of the 
abdominal foregut) drains to pre-aortie nodes near the 
origin of the eeliae trunk (Fig. 4.123) —these eeliae 
nodes also reeeive lymph from the superior mesenterie 
and inferior mesenterie groups of pre-aortie nodes, and 
lymph from the eeliae nodes enters the eisterna ehyli. 

■ The superior mesenterie artery (i.e., structures that are 
part of the abdominal midgut) drains to pre-aortie 
nodes near the origin of the superior mesenterie artery 
(Fig. 4.123) —these superior mesenterie nodes also 
reeeive lymph from the inferior mesenterie groups of 
pre-aortie nodes, and lymph from the superior mesen- 
terie nodes drains to the eeliae nodes. 

The inferior mesenterie artery (i.e., structures that are 
part of the abdominal hindgut) drains to pre-aortie 
nodes near the origin of the inferior mesenterie artery 
(Fig. 4.123), and lymph from the inferior mesenterie 
nodes drains to the superior mesenterie nodes. 


Innervation 

Abdominal viseera are innervated by both extrinsic and 
intrinsie eomponents of the nervous system: 

Extrinsicinnervation involves reeeiving motor impulses 
from, and sending sensory information to, the eentral 
nervous system. 

Intrinsieinnervation involves the regulation of digestive 
traet aetivities by a generally self-sufficient network of 
sensory and motor neurons (the enterie nervous 
system). 

Abdominal viseera reeeiving extrinsic innervation 
include the abdominal part of the gastrointestinal traet, 
the spleen, the panereas, the gallbladder, and the liver. 
These viseera send sensory information baek to the eentral 
nervous system through viseeral afferent fibers and reeeive 
motor impulses from the eentral nervous system through 
358 viseeral efferent fibers. 
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Fig. 4.123 Lymphatie drainage of the abdominal portion of the 
gastrointestinal traet. 


The viseeral efferent fibers are part of the sympathetie 
and parasympathetie parts of the autonomic division of 
the peripheral nervous system. 

Structural eomponents serving as conduits for these 
afferent and efferent fibers include posterior and anterior 
roots of the spinal eord, respeetively, spinal nerves, anterior 
rami, white and gray rami communicantes, the sympa- 
thetie trunks, splanehnie nerves earrying sympathetie 
fibers (thoraeie, lumbar, and saeral), parasympathetie 
fibers (pelvie), the prevertebral plexus and related ganglia, 
and the vagus nerves [X]. 

The enterie nervous system eonsists of motor and 
sensory neurons in two intereonneeted plexuses in the walls 
of the gastrointestinal traet. These neurons eontrol the 
eoordinated eontraetion and relaxation of intestinal smooth 
muscle and regulate gastrie seeretion and blood ílow. 
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Sympathetie trunks 

The sympathetie trnnks are two parallel nerve eords 
extending on either side of the vertebral column from the 
base of the skull to the coccyx (Fig. 4.124). As they pass 
through the neek, they lie posterior to the earotid sheath. 
In the upper thorax, they are anterior to the neeks of 
the ribs, while in the lower thorax they are on the lateral 


aspeet of the vertebral bodies. In the abdomen, they are 
anterolateral to the lumbar vertebral bodies and, continu- 
ing into the pelvis, they are anterior to the saemrn. The two 
sympathetie trunks eome together anterior to the coccyx 
to form the ganglion impar. 

Throughout the extent of the sympathetie tmnks, small 
raised areas are visible. These eolleetions of neuronal eell 
bodies outside the CNS are the paravertebral sympathetie 
ganglia. There are usually: 
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Fig. 4.124 Sympathetie trunks. 


■ three ganglia in the eervieal region, 

eleven or twelve ganglia in the thoraeie region, 

■ four ganglia in the lumbar region, 

■ four or fìve ganglia in the saeral region, and 

■ the ganglion impar anterior to the coccyx (Fig. 4.124). 

The ganglia and trunks are eonneeted to adjaeent spinal 
nerves by gray rami communicantes throughout the 
length of the sympathetie trunk and by white rami eom- 
municantes in the thoraeie and upper lumbar parts of the 
tmnk (T1 to L2). Neuronal fibers found in the sympathetie 
trunks include preganglionie and postganglionie sym- 
pathetie fibers and viseeral afferent fibers. 

Splanehnie nerves 

The splanehnie nerves are important eomponents in the 
innervation of the abdominal viseera. They pass from the 
sympathetie trunk or sympathetie ganglia assoeiated with 
the tmnk, to the prevertebral plexus and ganglia anterior 
to the abdominal aorta. 

There are two different types of splanehnie nerves, 
depending on the type of viseeral efferent fiber they are 
earrying: 

■ The thoraeie, lumbar, and saeral splanehnie nerves 
earry preganglionie sympathetie fibers from the sympa- 
thetie tmnk to ganglia in the prevertebral plexus, and 
also viseeral afferent fibers. 

The pelvie splanehnie nerves (parasympathetie root) 
earry preganglionie parasympathetie fibers from ante- 
rior rami of S2, S3, and S4 spinalnerves to an extension 
of the prevertebral plexus in the pelvis (the inferior 
hypogastrie plexus or pelvie plexus). 

Thoraeie splanehnie nerves 

Three thoraeie splanehnie nerves pass from sympa- 
thetie ganglia along the sympathetie tmnk in the thorax 
to the prevertebral plexus and ganglia assoeiated with the 
abdominal aorta in the abdomen (Fig. 4.125): 

■ The greater splanehnie nerve arises from the fifth to the 
ninth (or tenth) thoraeie ganglia and travels to the 
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Fig. 4.125 Splanehnie nerves. 
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eeliae ganglion in the abdomen (a prevertebral ganglion 
assoeiated with the eeliae trunk). 

The lesser splanehnie nerve arises from the ninth and 
tenth (or tenth and eleventh) thoraeie ganglia and 
travels to the aortieorenal ganglion. 

The least splanehnie nerve, when present, arises from 
the twelfth thoraeie ganglion and travels to the renal 
plexus. 

Lumbar and saeral splanehnie nerves 

There are usually two to four liimbar splanehnie nerves, 
which pass from the lumbar part of the sympathetie trunk 
or assoeiated ganglia and enter the prevertebral plexus 

(Fig. 4.125). 

Similarly, the saeral splanehnie nerves pass from the 
saeral part of the sympathetie trank or assoeiated ganglia 
and enter the inferior hypogastrie plexus, which is an 
extension of the prevertebral plexus into the pelvis. 

Pelvie splanehnie nerves 

The pelvie splanehnie nerves (parasympathetie root) 

are unique. They are the only splanehnie nerves that earry 
parasympathetie fibers. In other words, they do not origi- 
nate from the sympathetie trunks. Rather, they originate 
direetly from the anterior rami of S2 to S4. Preganglionie 
parasympathetie fibers originating in the saeral spinal eord 
pass from the S2 to S4 spinal nerves to the inferior hypo- 
gastrie plexus (Fig. 4.125). Onee in this plexus, some of 
these fibers pass upward, enter the abdominal prevertebral 
plexus, and distribute with the arteries supplying the 
hindgut. This provides the pathway for innervation of the 
distal one-third of the transverse eolon, the deseending 
eolon, and the sigmoid eolon by preganglionie parasympa- 
thetie fibers. 

Abdominal prevertebral plexus and ganglia 

The abdominal prevertebral plexus is a eolleetion of nerve 
fibers that surrounds the abdominal aorta and is continu- 
ous onto its major branehes. Seattered throughout the 
length of the abdominal prevertebral plexus are eell bodies 
of postganglionie sympathetie fibers. Some of these eell 
bodies are organized into distinet ganglia, while others are 
more random in their distribution. The ganglia are usually 
assoeiated with speeifie branehes of the abdominal aorta 
and named after these branehes. 

The three major divisions of the abdominal prevertebral 
plexus and assoeiated ganglia are the eeliae, aortie, and 
superior hypogastrie plexuses (Fig. 4.126). 


The eeliae plexus is the large accumulation of nerve 
fibers and ganglia assoeiated with the roots of the eeliae 
trank and superior mesenterie artery immediately 
below the aortie hiatus of the diaphragm. Ganglia asso- 
eiated with the eeliae plexus include two eeliae ganglia, 
a single superior mesenterie ganglion, and two aorti- 
eorenal ganglia. 

The aortie plexus eonsists of nerve fibers and assoeiated 
ganglia on the anterior and lateral surfaces of the 
abdominal aorta extending from just below the origin 
of the superior mesenterie artery to the bifurcation of 
the aorta into the two eommon iliae arteries. The major 
ganglion in this plexus is the inferior mesenterie gan- 
glion at the root of the inferior mesenterie artery. 

■ The superior hypogastrie plexus eontains numerous 
small ganglia and is the final part of the abdominal pre- 
vertebral plexus before the prevertebral plexus eontin- 
ues into the pelvie eavity. 

Eaeh of these major plexuses gives origin to a number 
of seeondary plexuses, which may also eontain small 
ganglia. These plexuses are usually named after the vessels 
with which they are assoeiated. For example, the eeliae 
plexus is usually deseribed as giving origin to the superior 
mesenterie plexus and the renal plexus, as well as other 
plexuses that extend out along the various branehes of the 
eeliae trunk. Similarly, the aortie plexus has seeondary 
plexuses eonsisting of the inferior mesenterie plexus, the 
spermatie plexus, and the external iliae plexus. 

Inferiorly, the superior hypogastrie plexus divides into 
the hypogastrie nerves, which deseend into the pelvis 
and contribute to the formation of the inferior hypogastrie 
or pelvie plexus (Fig. 4.126). 

The abdominal prevertebral plexus reeeives: 

preganglionie parasympathetie and viseeral afferent 
fibers from the vagus nerves [X], 
preganglionie sympathetie and viseeral afferent fibers 
from the thoraeie and lumbar splanehnie nerves, and 
preganglionie parasympathetie fibers from the pelvie 
splanehnie nerves. 


Parasympathetie innervation of the abdominal part of the 
gastrointestinal traet and of the spleen, panereas, gallblad- 
der, and liver is from two sources—the vagus nerves [X] 
and the pelvie splanehnie nerves. 
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Fíg. 4.126 Abdominal prevertebral plexus and ganglia. 
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Vagus nerves 

The vagus nerves [X] enter the abdomen assoeiated with 
the esophagus as the esophagus passes through the dia- 
phragm (Fig. 4.127) and provide parasympathetie inner- 
vation to the foregut and midgut. 

After entering the abdomen as the anterior and poste- 
rior vagal trunks, they send branehes to the abdominal 
prevertebral plexus. These branehes eontain preganglionie 
parasympathetie fibers and viseeral afferent fibers, which 


are distributed with the other eomponents of the preverte- 
bral plexus along the branehes of the abdominal aorta. 

Pelvie splanehnie nerves 

The pelvie splanehnie nerves, earrying preganglionie 
parasympathetie fibers from S2 to S4 spinal eord levels, 
enter the inferior hypogastrie plexus in the pelvis. Some of 
these fibers move upward into the inferior mesenterie part 
of the prevertebral plexus in the abdomen (Fig. 4.127). 
Onee there, these fibers are distributed with branehes of 
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Fig. 4.127 Parasympathetie innervation of the abdominal portion of the gastrointestinal traet. 
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Abdomen 



the inferior mesenterie artery and provide parasympa- 
thetie innervation to the hindgut. 

Enterie system 

The enterie system is a division of the viseeral part of the 
nervous system and is a loeal neuronal circuit in the wall 
of the gastrointestinal traet. It eonsists of motor and 
sensory neurons organized into two intereonneeted plex- 
uses (the myenterie and submucosal plexuses) between 
the layers of the gastrointestinal wall, and the assoeiated 
nerve fibers that pass between the plexuses and from the 
plexuses to the adjaeent tissue (Fig. 4.128). 

The enterie system regulates and eoordinates numerous 
gastrointestinal traet aetivities, including gastrie seeretory 
aetivity, gastrointestinal blood flow, and the eontraetion 
and relaxation eyeles of smooth muscle (peristalsis). 

Although the enterie system is generally independent of 
the eentral nervous system, it does reeeive input from post- 
ganglionie sympathetie and preganglionie parasympa- 
thetie neurons that modifies its aetivities. 

Sympathetie innervation of the stomaeh 

The pathway of sympathetie innervation of the stomaeh 
is as follows: 

A preganglionie sympathetie fiber originating at the T6 
level of the spinal eord enters an anterior root to leave 
the spinal eord. 


At the level of the intervertebral foramen, the anterior 
root (which eontains the preganglionie fiber) and a pos- 
terior root join to form a spinal nerve. 

Outside the vertebral eohimn, the preganglionie fiber 
leaves the anterior ramus of the spinal nerve through 
the white ramus communicans. 

The white ramus eomiminieans, eontaining the pregan- 
glionie fiber, eonneets to the sympathetie trank. 
Entering the sympathetie trunk, the preganglionie fiber 
does not synapse but passes through the trank and 
enters the greater splanehnie nerve. 

The greater splanehnie nerve passes through the erara 
of the diaphragm and enters the eeliae ganglion. 

■ In the eeliae ganglion, the preganglionie fiber synapses 
with a postganglionie neuron. 

■ The postganglionie fiber joins the plexus of nerve fibers 
surrounding the eeliae trank and continues along its 
branehes. 

The postganglionie fiber travels through the plexus of 
nerves aeeompanying the branehes of the eeliae trank 
supplying the stomaeh and eventually reaehes its point 
of distribution. 

This input from the sympathetie system may modify the 
aetivities of the gastrointestinal traet eontrolled by the 
enterie nervous system. 
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Fig. 4.128 The enterie system. 
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In the elinie 

Surgery f or obesity 

Surgery for obesity is also known as weight loss surgery 
and bariatrie surgery. This type of surgery has beeome 
inereasingly popular over the last few years for patients 
who are unable to aehieve signifieant weight loss through 
appropriate diet modifieation and exercise programs. It is 
often regarded as a last resort. Importantly, we haveto 
reeognize the inereasing medieal impaet that overweight 
patients pose. With obesity the patient is more likely to 
develop diabetes and cardiovascular problems and may 
suffer from inereased general health disorders. All of 
these have a signifieant impaet on health eare budgeting 
and are regarded as serious eonditions for the "health 
of a nation." 

There are a number of surgical options to treat obesity. 
Surgery for patients who are morbidly obese ean be 
eategorized into two main groups: malabsorptive 
procedures and restrietive procedures. 

Malabsorptive procedures 

There are a variety of bypass procedures that produce a 
malabsorption state, preventing further weight gain and 


also producing weight loss. There are eomplieations, 
which may include anemia, osteoporosis, and diarrhea 
(e.g v jejunoileal bypass). 

Predominantly restrietive procedures 
Restrietive procedures involve plaeing a band or stapling 
in or around the stomaeh to deerease the size of the 
organ. This reduction produces an earlierfeeling of satiety 
and prevents the patient from overeating. 

Combination procedure 

Probably the most popular procedure currently in the 
llnited States, this procedure involves stapling the 
proximal stomaeh and joining a loop of small bowel 
to the small gastrie remnant. 

Any overweight patient undergoing surgery faees 
signifieant risk and inereased morbidity, with mortality 
rates from 1 % to 5%. 


Abdomen 


POSTERIOR ABDOMINAL REGION 

The posterior abdominal region is posterior to the abdomi- 
nal part of the gastrointestinal traet, the spleen, and the 
panereas (Fig. 4.129). This area, bounded by bones and 
muscles making up the posterior abdominal wall, eontains 
numerous structures that not only are direetly involved in 
the aetivities of the abdominal eontents but also use this 
area as a conduit between body regions. Examples include 


the abdominal aorta and its assoeiated nerveplexuses, the 
inferior vena eava, the sympathetie trunks, and lymphat- 
ies. There are also structures originating in this area that 
are eritieal to the normal function of other regions of the 
body (i.e., the lumbar plexus of nerves), and there are 
organs that assoeiate with this area during development 
and remain in it in the adult (i.e., the kidneys and suprare- 
nal glands). 
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Fig. 4.129 Posterior abdominal region. 
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Posterior abdominal wall 

Bones 

Lumbar vertebrae and the saemm 

Projeeting into the midline of the posterior abdominal area 
are the bodies of the five himbar vertebrae (Fig. 4.130). 
The prominenee of these structures in this region is due to 
the seeondary curvature (a forward convexity) of the 
lumbar part of the vertebral column. 
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Fig. 4.130 Osteology of the posterior abdominal wall. 


The lumbar vertebrae ean be distinguished from eervi- 
eal and thoraeie vertebrae because of their size. They are 
much larger than any other vertebrae in any other region. 
The vertebral bodies are massive and progressively inerease 
in size from vertebra LI to LV. The pedieles are short and 
stoeky, the transverse proeesses are long and slender, and 
the spinous proeesses are large and stubby. The articular 
proeesses are large and oriented medially and laterally, 
which promotes flexion and extension in this part of the 
vertebral column. 

Between eaeh lumbar vertebra is an intervertebral dise, 
which eompletes this part of the midline boundary of the 
posterior abdominal wall. 

The midline boundary of the posterior abdominal wall, 
inferior to the lumbar vertebrae, eonsists of the upper 
margin of the saemrn (Fig. 4.130). The saemm is formed 
by the fusion of the five saeral vertebrae into a single, 
wedge-shaped bony structure that is broad superiorly and 
narrows inferiorly. Its eoneave anterior surface and its 
convex posterior surface eontain anterior and posterior 
saeral foramina for the anterior and posterior rami of 
spinal nerves to pass through. 

Pelvie bones 

The ilia, which are eomponents of eaeh pelvie bone, attaeh 
laterally to the saemm at the saero-iliae joints (Fig. 4.130). 
The upper part of eaeh ilium expands outward into a thin 
wing-like area (the iliae fossa). The medial side of this 
region of eaeh iliae bone, and the related imiseles, are eom- 
ponents of the posterior abdominal wall. 

Ribs 

Superiorly, ribs XI and XII eomplete the bony framework of 
the posterior abdominal wall (Fig. 4.130). These ribs are 
unique in that they do not articulate with the sternum or 
other ribs, they have a single articular faeet on their heads, 
and they do not have neeks or tubercles. 

Rib XI is posterior to the superior part of the left kidney, 
and rib XII is posterior to the superior part of both kidneys. 
Also, rib XII serves as a point of attaehment for numerous 
muscles and ligaments. 














Abdomen 


Muscles 

Muscles forming the medial, lateral, inferior, and superior 
boundaries of the posterior abdominal region fill in 
the bony framework of the posterior abdominal wall 
(Table 4.2). Medially are the psoas major and minor 
muscles, laterally is the quadratus lumborum muscle, infe- 
riorly is the iliacus muscle, and superiorly is the diaphragm 
(Figs. 4.131 and 4.132). 

Psoas major and minor 

Medially, the psoas major muscles eover the anterolateral 
surface of the bodies of the lumbar vertebrae, filling in the 
spaee between the vertebral bodies and the transverse pro- 
eesses (Fig. 4.13 ). Eaeh of these rmiseles arises from the 
bodies of vertebra TXII and all five himbar vertebrae, from 
the intervertebral dises between eaeh vertebra, and from 
the transverse proeesses of the lumbar vertebrae. Passing 
inferiorly along the pelvie brim, eaeh muscle continues 
into the anterior thigh, under the inguinal ligament, to 
attaeh to the lesser troehanter of the femur. 

The psoas major muscle flexes the thigh at the hip joint 
when the trunk is stabilized and flexes the trunk against 
gravity when the body is supine. It is innervated by ante- 
rior rami of nerves L1 to L3. 

Assoeiated with the psoas major muscle is the psoas 
minor muscle, which is sometimes absent. Lying on the 
surface of the psoas major when present, this slender 
nrnsele arises from vertebrae TXII and LI and the interven- 
ing intervertebral dise; its long tendon inserts into the pee- 
tineal line of the pelvie brim and the iliopubic eminenee. 
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Fig. 4.131 Muscles of the posterior abdominal wall. 


Table4.2 

Posterior abdominal wall muscles 




Musde 

Origin 

Insertion 

Innervation 

Function 

Psoas major 

Lateral surface of bodies of 

TXII and Ll to LV vertebrae, 
transverse proeesses of the 
lumbar vertebrae, and the 
intervertebral dises between 

TXII and Ll to LV vertebrae 

Lesser troehanter of the 
femur 

Anterior rami of L1 to L3 

Flexion of thigh at hip joint 

Psoas minor 

Lateral surface of bodies of 

TXII and Ll vertebrae and 
intervening intervertebral dise 

Peetineal line of the pelvie 
brim and iliopubic 
eminenee 

Anterior rami of L1 

Weak flexion of lumbar 
vertebral column 

Quadratus 

lumborum 

Transverse proeess of LV 
vertebra, iliolumbar ligament, 
and iliae erest 

Transverse proeesses of Ll 
to LIV vertebrae and inferior 
border of rib XII 

Anterior rami of T12 and 

L1 to L4 

Depress and stabilize rib 

XII and some lateral 
bending oftrnnk 

lliacus 

Upper two-thirds of iliae fossa, 

Lessertroehanter of femur 

Femoral nerve (L2 to L4) 

Flexion of thigh at hip joint 


anterior saero-iliae and 
iliolumbar ligaments, and 
upper lateral surface of saemrn 
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The psoas minor is a weak flexor of the lumbar vertebral 
column and is innervated by the anterior ramus of 
nerve L1. 

Quadratus lumborum 

Laterally, the quadratus lumborum muscles fìll the spaee 
between rib XII and the iliae erest on both sides of the 
vertebral column (Fig. 4.131). They are overlapped medi- 
ally by the psoas major muscles; along their lateral borders 
are the transversus abdominis muscles. 

Eaeh quadratus lumborum muscle arises from the 
transverse proeess of vertebra LV, the iliolumbar ligament, 
and the adjoining part of the iliae erest. The muscle 
attaehes superiorly to the transverse proeess of the fìrst 
four lumbar vertebrae and the inferior border of rib XII. 

The quadratus lumborum muscles depress and stabilize 
the twelfth ribs and contribute to lateral bending of the 
trunk. Aeting together, the muscles may extend the lumbar 
part of the vertebral column. They are innervated by ante- 
rior rami of T12 and L1 to L4 spinal nerves. 


iliaeiis 

Inferiorly, an iliacus muscle fìlls the iliae fossa on eaeh side 
(Fig. 4.131). From this expansive origin eovering the iliae 
fossa, the muscle passes inferiorly, joins with the psoas 
major muscle, and attaehes to the lesser troehanter of the 
femur. As they pass into the thigh, these eombined muscles 
are referred to as the iliopsoas muscle. 

Like the psoas major muscle, the iliacus flexes the thigh 
at the hip joint when the trunk is stabilized and flexes the 
trank against gravity when the body is supine. It is inner- 
vated by branehes of the femoral nerve. 

Diaphragm 

Superiorly, the diaphragm forms the boundary of the pos- 
terior abdominal region. This musculotendinous sheet also 
separates the abdominal eavity from the thoraeie eavity. 

Structurally, the diaphragm eonsists of a eentral tendi- 
nous part into which the circumferentially arranged 
muscle fìbers attaeh (Fig. 4.132). The diaphragm is 


Inferior phrenie 

artery 



Left phrenie nerve 


Esophagus with anterior 
and posterior vagal trunks 


Greater splanehnie nerve 


Hemi-azygos vein 


Lesser splanehnie nerve 


Thoraeìe duct 

Aorta 

Right crus 


Least splanehnie nerve 


Left crus 
Sympathetie trunk 


Inferior vena eava 


Right phrenie nerve 


Superior epigastrie artery 


Central tendon 


Fig. 4.132 Diaphragm. 
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anehored to the lumbar vertebrae by musculotendinous 
crura, which blend with the anterior longitudinal ligament 
of the vertebral column: 

The right crus is the longest and broadest of the erara 
and is attaehed to the bodies of vertebrae LI to LIII and 
the intervening intervertebral dises (Fig. 4.133). 
Similarly, the left crus is attaehed to vertebrae LI and LII 
and the assoeiated intervertebral dise. 


transverse proeess of vertebra LI and laterally to rib XII 

(Fig. 4.133). 

The medial and lateral arcuate ligaments serve as points 
of origin for some of the muscular eomponents of the 
diaphragm. 

Structures passing through or around the diaphragm 

Numerous structures pass through or around the dia- 
phragm (Fig. 4.132): 


The erara are eonneeted aeross the midline by a tendi- 
nous areh (the median arcuate ligament), which passes 
anterior to the aorta (Fig. 4.133). 

Lateral to the erara, a seeond tendinous areh is formed 
by the faseia eovering the upper part of the psoas major 
muscle. This is the medial arcuate ligament, which is 
attaehed medially to the sides of vertebrae LI and LII 
and laterally to the transverse proeess of vertebra LI 

(Fig. 4.133). 

A third tendinous areh, the lateral arcuate ligament, 
is formed by a thiekening in the faseia that eovers the 
quadratus lumborum. It is attaehed medially to the 


TXII Esophagus Median arcuate 

ligament 



Fig. 4.133 Crura of the diaphragm. 


The aorta passes posterior to the diaphragm and ante- 
rior to the vertebral bodies at the lower level of vertebra 
TXII; it is between the two erara of the diaphragm and 
posterior to the median arcuate ligament, just to the left 
of midline. 

■ Aeeompanying the aorta through the aortie hiatus is 
the thoraeie duct and, sometimes, the azygos vein. 

The esophagus passes through the musculature of the 
right eras of the diaphragm at the level of vertebra TX, 
just to the left of the aortie hiatus. 

Passing through the esophageal hiatus with the esopha- 
gus are the anterior and posterior vagal tranks, the 
esophageal branehes of the leí’t gastrie artery and vein, 
and a few lymphatie vessels. 

The third large opening in the diaphragm is the eaval 
opening, through which the inferior vena eava passes 
from the abdominal eavity to the thoraeie eavity (Fig. 
4.132) at approximately vertebra TVIII in the eentral 
tendinous part of the diaphragm. 

Aeeompanying the inferior vena eava through the eaval 
opening is the right phrenie nerve. 

The left phrenie nerve passes through the muscular part 
of the diaphragm just anterior to the eentral tendon on 
the left side. 

Additional structures pass through small openings 
either in or just outside the diaphragm as they pass from 
the thoraeie eavity to the abdominal eavity (Fig. 4.132): 

■ The greater, lesser, and least (when present) splanehnie 
nerves pass through the crura, on either side. 

■ The hemi-azygos vein passes through the left crus. 
Passing posterior to the medial arcuate ligament, on 
either side, are the sympathetie trunks. 

Passing anterior to the diaphragm, just deep to the ribs, 
are the superior epigastrie vessels. 

■ Other vessels and nerves (i.e., the musculophrenic 
vessels and intereostal nerves) also pass through the 
diaphragm at various points. 
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Domes 

The elassie appearanee of the right and left domes of the 
diaphragm is caused by the underlying abdominal eon- 
tents pushing these lateral areas upward, and by the fibrous 
pericardium, which is attaehed eentrally, causing a flatten- 
ing of the diaphragm in this area (Fig. 4.134). 

The domes are produced by: 

the liver on the right, with some contribution from the 
right kidney and the right suprarenal gland, and 
the fundus of the stomaeh and spleen on the left, with 
contributions from the left kidney and the left suprare- 
nal gland. 

Although the height of these domes varies during 
breathing, a reasonable estimate in normal expiration 
plaees the left dome at the fifth intereostal spaee and the 
right dome at rib V. This is important to remember when 
percussing the thorax. 

During inspiration, the muscular part of the diaphragm 
eontraets, causing the eentral tendon of the diaphragm to 
be drawn inferiorly. This results in some flattening of the 



Heart 


Fig. 4.134 Right and left domes of the diaphragm. Chest 
radiograph. 


domes, enlargement of the thoraeie eavity, and a reduction 
in intrathoraeie pressure. The physiologieal effeet of these 
ehanges is that air enters the lungs and venous return to 
the heart is enhaneed. 

Blood supply 

There is blood supply to the diaphragm on its superior and 
inferior surfaces: 

Superiorly, the musculophrenic and perieardiaeo- 
phrenie arteries, both branehes of the internal thoraeie 
artery, and the superior phrenie artery, a braneh of the 
thoraeie aorta, supply the diaphragm. 

■ Inferiorly, the inferior phrenie arteries, branehes of the 
abdominal aorta, supply the diaphragm (see Fig. 4.132). 

Venous drainage is through eompanion veins to these 
arteries. 

Innervation 

Innervation of the diaphragm is primarily by the phrenie 
nerves. These nerves, from the C3 to C5 spinal eord levels, 
provide all motor innervation to the diaphragm and 
sensory fibers to the eentral part. They pass through the 
thoraeie eavity, between the mediastinal pleura and the 
perieardhim, to the superior surface of the diaphragm. At 
this point, the right phrenie ner ve aeeompanies the inferior 
vena eava through the diaphragm and the left phrenie 
nerve passes through the diaphragm by itself (see 
Fig. 4.132). Additional sensory fibers are supplied to the 
peripheral areas of the diaphragm by intereostal nerves. 


In the elinie 

Psoas muscle abseess 

At first glanee, it is difficult to appreeiate why the psoas 
muscle sheath is of greater importanee than any other 
muscle sheath. The psoas muscle and its sheath arise 
not only from the lumbar vertebrae but also from the 
intervertebral dises between eaeh vertebra. This dise 
origin is of eritieal importanee. In eertain types of 
infeetion, the intervertebral dise is preferentially 
affeeted (e.g v tuberculosis and salmonella diseitis). As 
the infeetion of the dise develops, the infeetion spreads 
anteriorly and anterolaterally. In the anterolateral 
position, the infeetion passes into the psoas muscle 
sheath, and spreads within the muscle and sheath, and 
may appear below the inguinal ligament as a mass. 










Abdomen 


ln the elinie 

Diaphragmatie hernias 

To understand why a hernia occurs through the 
diaphragm, it is neeessary to eonsider the embryology of 
the diaphragm. 

The diaphragm is formed from four structures—the 
septum transversum, the posterior esophageal mesentery, 
the pleuroperitoneal membrane, and the peripheral 
rim—which eventually fuse together, so separating the 
abdominal eavity from the thoraeie eavity. The septum 
transversum forms the eentral tendon, which develops 
from a mesodermal origin in front of the embryo's head 
and then moves to its more adult position during 
formation of the head fold. 

Fusion of the various eomponents of the diaphragm 
may fail, and hernias may occur through the failed points 
of fusion (Fig. 4.135). The eommonest sites are: 

■ between the xiphoid proeess and the eostal margins 
on the right (Morgagni's hernia), and 


■ through an opening on the left when the 
pleuroperitoneal membrane fails to elose the 
perieardioperitoneal eanal (Boehdalek's hernia). 

Hernias may also occur through the eentral tendon and 
through a eongenitally large esophageal hiatus. 

Morgagni's and Boehdalek's hernias tend to appear at 
or around the time of birth or in early infaney. They allow 
abdominal bowel to enter the thoraeie eavity, which may 
eompress the lungs and reduce respiratory function. Most 
of these hernias require surgical closure of the 
diaphragmatie defeet. 

Oeeasionally, small defeets within the diaphragm fail to 
permit bowel throogh, but do allow free movement of 
fluid. Patients with aseites may develop pleural effusions 7 
while patients with pleural effusions may develop aseites 
when these defeets are present. 


Fetal vertebral 

column 


Fetal abdominal 
eontents (fluid-filled 
loops of intestine) 
in left side of 
thoraeie eavity 



L Fetal head 


Fetal diaphragm 
developed on 
right side 


Maternal lumbar 
vertebra 


L Normal fetal lung development on right 
side of thoraeie eavity 


Fig. 4.135 Fetal diaphragmatie hernia in utero. T2-weighted MR image. Fetus in eoronal plane, mother in sagittal plane. 
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In the elinie Viseera 

Hiatus hernia Kidneys 


At the level of the esophageal hiatus 7 the diaphragm 
may be lax, allovving the fundus of the stomaeh to 
herniate into the posterior mediastinum (Fig. 4.136). 
This typieally causes symptoms ofaeid reflux. Llleeration 
may occur and may produce bleeding and anemia. The 
diagnosis is usually made by barium studies or 
endoseopy. Treatment in the first instanee is by medieal 
management, although surgery may be neeessary. 


Gastroesophageal junction 


Stomaeh 



Esophagus 


Hiatus 

hernia 



Positìon 

of the 
diaphragm 


Fig. 4.136 Lovver esophagus and upper stomaeh shovving a 
hiatus hernia. Radiograph using barium. 


The bean-shaped kidneys are retroperitoneal in the poste- 
rior abdominal region (Fig. 4.137). They lie in the extra- 
peritoneal eonneetive tissue immediately lateral to the 
vertebral column. In the supine position, the kidneys 
extend from approximately vertebra TXII superiorly to ver- 
tebra LIII inferiorly, with the right kidney somewhat lower 
than the left because of its relationship with the liver. 
Although they are similar in size and shape, the left kidney 
is a longer and more slender organ than the right kidney, 
and nearer to the midline. 


Inferior vena eava 


Right suprarenal gland 


Diaphragm 


Esophagus 


Left suprarenal gland 


Left kidney 



Right kidney 


Abdominal aorta 


Cut edges of peritoneum 


Fig. 4.137 Retroperitoneal position of the kidneys in the 
posterior abdominal region. 
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Relationships to other structures 

The anterior surface of the right kidney is related to numer- 
ous structures, some of which are separated from the 
kidney by a layer of peritonemn and some of which are 
direetly against the kidney (Fig. 4.138): 

A small part of the superior pole is eovered by the right 
suprarenal gland. 

Moving inferiorly, a large part of the rest of the upper 
part of the anterior surface is against the liver and is 
separated from it by a layer of peritoneum. 

Medially, the deseending part of the duodenum is retro- 
peritoneal and eontaets the kidney. 

■ The inferior pole of the kidney, on its lateral side, is 
direetly assoeiated with the right eolie flexure and, on 


Right suprarenal gland 



its medial side, is eovered by a segment of the intraperi- 
toneal small intestine. 

The anterior surface of the left kidney is also related 
to numerous structures, some with an intervening layer 
of peritoneum and some direetly against the kidney 

(Fig. 4.138): 

A small part of the superior pole, on its medial side, is 
eovered by the left suprarenal gland. 

The rest of the superior pole is eovered by the intraperi- 
toneal stomaeh and spleen. 

■ Moving inferiorly, the retroperitoneal panereas eovers 
the middle part of the kidney. 

■ On its lateral side, the lower half of the kidney is eovered 
by the left eolie flexure and the beginning of the 



Fig. 4.138 Structures related to the anterior surfaee of eaeh kidney. 
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deseending eolon, and, on its medial side, by the parts 
of the intraperitoneal jejunum. 

Posteriorly, the right and left kidneys are related to 
similar structures (Fig. 4.139). Superiorly is thediaphragm 
and inferior to this, moving in a medial to lateral direetion, 
are the psoas major, quadratus lumborum, and transver- 
sus abdominis imiseles. 


The superior pole of the right kidney is anterior to rib 
XII, while the same region of the left kidney is anterior to 
ribs XI and XII. The pleural saes and speeifìeally, the eosto- 
diaphragmatie reeesses therefore extend posterior to the 
kidneys. 

Also passing posterior to the kidneys are the subcostal 
vessels and nerves and the iliohypogastrie and ilio-inguinal 
nerves. 
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Fig. 4.139 Structures related to the posterior surface of eaeh kidney. 
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Renal fat and faseia 

The kidneys are enelosed in and assoeiated with a unique 
arrangement of faseia and fat. Immediately outside the 
renal capsule, there is an accumulation of extraperitoneal 
fat—the perinephrie fat (perirenal fat), which eom- 
pletely surrounds the kidney (Fig. 4.140). Enelosing the 
perinephrie fat is a membranous eondensation of the 
extraperitoneal faseia (the renal faseia). The suprarenal 
glands are also enelosed in this faseial eompartment, 
usually separated from the kidneys by a thin septum. The 
renal faseia must be ineised in any surgical approaeh to 
this organ. 

At the lateral margins of eaeh kidney, the anterior and 
posterior layers of the renal faseia fuse (Fig. 4.140). This 
fused layer may eonneet with the transversalis faseia on 
the lateral abdominal wall. 

Above eaeh suprarenal gland, the anterior and posterior 
layers of the renal faseia fuse and blend with the faseia that 
eovers the diaphragm. 


Medially, the anterior layer of the renal faseia continues 
over the vessels in the hilum and fuses with the eonneetive 
tissue assoeiated with the abdominal aorta and the inferior 
vena eava (Fig. 4.140). In some eases, the anterior layer 
may eross the midline to the opposite side and blend with 
its eompanion layer. 

The posterior layer of the renal faseia passes medially 
between the kidney and the faseia eovering the quadratus 
lumborum muscle to fuse with the faseia eovering the 
psoas major muscle. 

Inferiorly, the anterior and posterior layers of the renal 
faseia enelose the ureters. 

In addition to perinephrie fat andthe renal faseia, a fìnal 
layer of paranephrie fat (pararenal fat) eompletes 
the fat and faseias assoeiated with the kidney (Fig. 4.140). 
This fat accumulates posterior and posterolateral to 
eaeh kidney. 
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Fig. 4.140 Organization of fat and faseia surrounding the kidney. 
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Kidney structure 

Eaeh kidney has a smooth anterior and posterior surface 
eovered by a fibrous capsule, which is easily removable 
except during disease. 

On the medial margin of eaeh kidney is the hiliim 
of the kidney, which is a deep vertieal slit through which 
renal vessels, lymphaties, and nerves enter and leave 
the substance of the kidney (Fig. 4.141). Internally, the 
hilum is continuous with the renal sinus. Perinephrie fat 
continues into the hihim and sinus and surrounds all 
structures. 

Eaeh kidney eonsists of an outer renal cortex and an 
inner renal medulla. The renal cortex is a continuous band 
of pale tissue that eompletely surrounds the renal medulla. 


Extensions of the renal cortex (the renal columns) projeet 
into the inner aspeet of the kidney, dividing the renal 
medulla into discontinuous aggregations of triangular- 
shaped tissue (the renal pyramids). 

The bases of the renal pyramids are direeted outward, 
toward the renal cortex, while the apex of eaeh renal 
pyramid projeets inward, toward the renal sinus. 
The apieal projeetion (renal papilla) is surrounded by a 
minor calyx. 

The minor ealiees reeeive urine and represent the proxi- 
mal parts of the tube that will eventually form the ureter 
(Fig. 4.141). In the renal sinus, several minor ealiees unite 
to form a major calyx, and two or three major ealiees 
unite to form the renal pelvis, which is the fiinnel-shaped 
superior end of the ureters. 
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Fig. 4.141 Internal structure of the kidney. 
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Renal vasculature and lymphaties 

A single large renal artery, a lateral braneh of the abdom- 
inal aorta, supplies eaeh kidney. These vessels usually arise 
just inferior to the origin of the superior mesenterie artery 
between vertebrae LI and LII (Fig. 4.142). The left renal 
artery usually arises a little higher than the right, and the 
right renal artery is longer and passes posterior to the 
inferior vena eava. 

As eaeh renal artery approaehes the renal hilum, it 
divides into anterior and posterior branehes, which supply 
the renal parenehyma. Aeeessory renal arteries are 
eommon. They originate from the lateral aspeet of the 
abdominal aorta, either above or below the primary renal 


arteries, enter the hilum with the primary arteries or pass 
direetly into the kidney at some other level, and are eom- 
monly ealled extrahilar arteries. 

Multiple renal veins contribute to the formation of the 
left and right renal veins, both of which are anterior to 
the renal arteries (Fig. 4.142). Importantly, the longer left 
renal vein erosses the midline anterior to the abdominal 
aorta and posterior to the superior mesenterie artery and 
ean be eompressed by an aneurysm in either of these two 
vessels. 

The lymphatie drainage of eaeh kidney is to the lateral 
aortie (lumbar) nodes around the origin of the renal 
artery. 
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Fig. 4.142 Renal vasculature. 
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llreters 

The ureters are muscular tubes that transport urine from 
the kidneys to the bladder. They are continuous superiorly 
with the renal pelvis, which is a funnel-shaped structure 
in the renal sinus. The renal pelvis is formed from a eon- 
densation of two or three major ealiees, which in turn are 
formed by the eondensation of several minor ealiees (see 
Fig. 4.141). The minor ealiees surround a renal papilla. 


The renal pelvis narrows as it passes inferiorly through 
the hilum of the kidney and beeomes continuous with 
the ureter at the ureteropelvic junction (Fig. 4.143). 
Inferior to this junction, the ureters deseend retroperitone- 
ally on the medial aspeet of the psoas major muscle. At 
the pelvie brim, the ureters eross either the end of the 
eommon iliae artery or the beginning of the external iliae 
artery, enter the pelvie eavity, and continue their journey 
to the bladder. 
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Fig. 4.143 LJreters. 


379 



























Abdomen 



At three points along their course the ureters are eon- 
strieted (Fig. 4.143): 

The fìrst point is at the ureteropelvic junction. 

The seeond point is where the ureters eross the eommon 
iliae vessels at the pelvie brim. 

The third point is where the ureters enter the wall of the 
bladder. 

Kidney stones ean beeome lodged at these 
eonstrietions. 

Ureteric vasculature and lymphaties 

The ureters reeeive arterial branehes from adjaeent vessels 
as they pass toward the bladder (Fig. 4.143): 

The renal arteries supply the upper end. 

The middle part may reeeive branehes from the abdomi- 
nal aorta, the testicular or ovarian arteries, and the 
eommon iliae arteries. 

In the pelvie eavity, the ureters are supplied by one or 
more arteries from branehes of the internal iliae 
arteries. 

In all eases, arteries reaehing the ureters divide into 
aseending and deseending branehes, which form longitu- 
dinal anastomoses. 


Lymphatie drainage of the ureters follows a pattern 
similar to that of the arterial supply. Lymph from: 

the upper part of eaeh ureter drains to the lateral aortie 
(lumbar) nodes, 

the middle part of eaeh ureter drains to lymph nodes 
assoeiated with the eommon iliae vessels, and 
the inferior part of eaeh ureter drains to lymph nodes 
assoeiated with the external and internal iliae vessels. 

Ureteric innervation 

Ureteric innervation is from the renal, aortie, superior 
hypogastrie, and inferior hypogastrie plexuses through 
nerves that follow the blood vessels. 

Viseeral efferent fibers eome from both sympathetie and 
parasympathetie sources, whereas viseeral afferent fibers 
return to T11 to L2 spinal eord levels. Ureteric pain, which 
is usually related to distention of the ureter, is therefore 
referred to cutaneous areas supplied by Tll to L2 spinal 
eord levels. These areas would most likely include the pos- 
terior and lateral abdominal wall below the ribs and above 
the iliae erest, the pubic region, the scrotum in males, the 
labia majora in females, and the proximal anterior aspeet 
of the thigh. 


In the elinie 


llrinary traet stones 

Llrinary traet stones (calculi) occur more frequently in 
men than in women ; are most eommon in people aged 
between 20 and 60 years, and are usually assoeiated 
with sedentary lifestyles. The stones are polyerystalline 
aggregates of calcium, phosphate, oxalate ; urate, and 
other soluble salts within an organie matrix. The urine 
beeomes saturated with these salts, and small variations in 
the pH cause the salts to preeipitate. 

Typieally the patient has pain that radiates from the 
infrascapular region (loin) into the groin, and even into 
the scrotum or labia majora. Blood in the urine 
(hematuria) may also be notieed. 

infeetion must be excluded because eertain speeies of 
baeteria are eommonly assoeiated with urinary traet 
stones. 


The eomplieations of urinary traet stones include 
infeetion, urinary obstruction ; and renal failure. Stones 
may also develop within the bladder and produce marked 
irritation, causing pain and diseomfort. 

The diagnosis of urinary traet stones is based upon 
history and examination. Stones are often visible on 
abdominal radiographs. Speeial investigations include: 

■ ultrasound seanning, which may demonstrate the 
dilated renal pelvis and ealiees when the urinary 
system is obstructed; and 

■ an intravenous urogram ; which will demonstrate the 
obstruction ; pinpoint the exact level, and enable the 
surgeon to plan a procedure to remove the stone if 
neeessary. 
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In the elinie 

llrinary traet eaneer 

Most tumors that arise in the kidney are renal eell 
eareinomas. These tumors develop from the proximal 
tubular epithelium. Approximately 5% of tumors vvithin 
the kidney are transitional eell tumors 7 vvhieh arise from 
the urothelium of the renal pelvis. Most patients typieally 
have blood in the urine (hematuria), pain in the 
infrascapular region (loin), and a mass. 

Renal eell tumors ( : igs. 4.144 and 4.145) are unusual 
because not only do they grow outward from the kidney, 
invading the fat and faseia, but they also spread into the 


renal vein. This venous extension is rare for any other type 
of tumor, so, when seen, renal eell eareinoma should be 
suspected. In addition, the tumor may spread along the 
renal vein and into the inferior vena eava, and in rare 
eases ean grow into the right atrium aeross the tricuspid 
valve and into the pulmonary artery. 

Treatment for most renal eaneers is surgical removal, 
even when metastatie spread is present, because some 
patients show regression of metastases. 

Transitional eell eareinoma arises from the urothelium. 
The urothelium is present from the ealiees to the urethra 
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Left psoas 
major muscle 
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Inferior vena eava 



Inferior vena eava 


Fig. 4.144 Tumor in the right kidney grovving tovvard, and 
possibly invading, the duodenum. Computed tomogram in the 
axial plane. 


Fig. 4.145 Tumor in the right kidney spreading into the right 
renal vein. Computed tomogram in the axial plane. 


(continues) 































Abdomen 



ln the elinie—eont'd 


and behaves as a "single Therefore, when patients 
develop transitional eareinomas within the bladder, similar 
tumors may also be present within upper parts of the 
urinary traet. In patients with bladder eaneer, the whole of 
the urinary traet must always be investigated to exclude 
the possibility of othertumors (Fig. 4.146). 


Tu m o r 



-Right kidney Left kidney- 

Fig. 4.146 Transitional eell eareinoma in the pelvis of the right 
kidney. Coronal computed tomogram reconstruction. 


In the elinie 


Nephrostomy 

A nephrostomy is a procedure where a tube is plaeed 
through the lateral or posterior abdominal wall into the 
renal cortex to lie within the renal pelvis. The function of 
this tube is to allow drainage of urine from the renal pelvis 
through the tube externally ( : ig. 4.147). 

The kidneys are situated on the posterior abdominal 
wall 7 and in thin healthy subjects may be only up to 
2 to 3 em from the skin. Aeeess to the kidney is relatively 
straightforward r because the kidney ean be easily 
visualized under ultrasound guidance. llsing loeal 
anesthetie, a needle ean be plaeed, under ultrasound 


direetion, through the skin into the renal cortex and into 
the renal pelvis. A series of wires and tubes ean be passed 
through the needle to position the drainage eatheter. 

The indieations for such a procedure are many. In 
patients with distal ureteric obstruction the baek pressure 
of urine within the ureters and the kidney signifieantly 
impairs the function of the kidney. This will produce renal 
failure and ultimately death. Furthermore, a dilated 
obstructed system is also susceptible to infeetion. In many 
eases, there is not only obstruction producing renal failure 
but also infeeted urine within the system. 
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In the dinie—eont'd 



'JJ M stent 


Fig. 4.147 This radiograph demonstrates a double-J stent (anteroposterior view). The superior aspeet of the double-J stent is situated 
within the renal pelvis. The stent passes through the ureter, deseribing the path of the ureter, and the tip of the double-J stent is 
projeeted over the bladder, which appears as a slightly dense area on the radiograph. 


In the elinie 

Kidney transplant 

Kidney transplantation began in the llnited States in the 
1950s. Sinee the first transplant, the major problem for 
kidney transplantation has been tissue rejeetion. A 
number of years have passed sinee this initial procedure 
and there have been signifieant breakthroughs in 
transplant rejeetion medieine. Renal transplantation is 
now a eommon procedure undertaken in patients with 
end-stage renal failure. 


Transplant kidneys are obtained from either living or 
deeeased donors. The living donors are carefully assessed, 
because harvesting a kidney from a normal healthy 
individual, even with modern-day medieine, earries a 
small risk. 

Deeeased kidney donors are brain dead or have suffered 
eardiae death. The donor kidney is harvested with a small 
cuff of aortie and venous tissue. The ureter is also harvested. 

(continues) 
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ln the elinie—eont'd 

An ideal plaee to situate the transplant kidney is in the 
left or the right iliae fossa (Fig. 4.148). A curvilinear ineision 
is made paralleling the iliae erest and pubic symphysis. 

The external oblique muscle, internal oblique muscle, 
transversus abdominis mosele, and transversalis faseia are 
divided. The surgeon identifies the parietal peritoneum 
but does not enter the peritoneal eavity. The parietal 
peritoneum is medially retraeted to reveal the external 
iliae artery, external iliae vein, and bladder. In some 
instanees the internal iliae artery of the reeipient is 
mobilized and anastomosed direetly as an end-to-end 
procedure onto the renal artery of the donor kidney. 
Similarly the internal iliae vein is anastomosed to the 
donor vein. In the presenee of a small aortie cuff of tissue 


the donor artery is anastomosed to the reeipient external 
iliae artery and similarly for the venous anastomosis. The 
ureter is easily tunneled obliquely through the bladder 
wall with a straightforward anastomosis. 

The left and right iliae fossae are ideal loeations for the 
transplant kidney because a new spaee ean be ereated 
without eompromise to other structures. The great 
advantage of this procedure is the proximity to the 
anterior abdominal wall, which permits easy ultrasound 
visualization of the kidney and Doppler vascular 
assessment. Furthermore, in this position biopsies are 
easily obtained. The extraperitoneal approaeh enables 
patients to make a swift reeovery. 


Abdominal aorta -i 


Gommon ifiae artery -j 


The left external iliae artery 
has been used to eonneet 
to the donor kidney 
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Fig. 4.148 Kidney transplant. A. This image demonstrates an MR angiogram of the bifurcation of the aorta. Attaehing to the left 
external iliae artery is the donor artery for a kidney that has been transplanted into the left iliae fossa. B. Abdominal computed 
tomogram, in the axial plane, showing the transplanted kidney in the left iliae fossa. 
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In the elinie 

Investigation of the urinary traet 

After an appropriate history and examination of the 
patient, including a digital reetal examination to assess 
the prostate in men, speeial investigations are required. 

IVil (intravenoiis urogram) 

An IVU is one of the most important and eommonly 
earried out radiologieal investigations ( : ig. 4.149). The 


patient is injeeted with iodinated eontrast medium. Most 
eontrast media eontain three iodine atoms spaeed around 
a benzene ring. The relatively high atomie numberof 
iodine eompared to the atomie number of earbon, 
hydrogen, and oxygen, attenuates the radiation beam. 
After intravenous injeetion, eontrast media are excreted 
predominantly by glomerular filtration, although some are 
seereted by the renal tubules. This allows visualization of 
the eolleeting system as well as the ureters and bladder. 


Liver Right kidney 



Spleen 

Left kidney 
Renal pelvis 


Psoas major 
Left ureter 


Bladder 


Right ureter 


Ultrasound 

Ultrasound ean be used to assess kidney size and the size 
of the ealiees, which may be dilated when obstmeted. 
Although the ureters are poorly visualized using 
ultrasound, the bladder ean be easily seen when full. 
Ultrasound measurements of bladder volume ean be 
obtained before and after micturition. 

Computed tomography 

Computed tomography ean be used to assess the kidneys, 
ureters, bladder, and adjaeent structures and is a powerful 
tool for staging primary urinary traet tumors. 

Nuclear medieine 

Nuclear medieine is an extremely useful tool for 
investigating the urinary traet because radioisotope 
compounds ean be used to estimate renal eell mass and 
function and assess the parenehyma for renal searring. 
These tests are often very useful in ehildren when renal 
searring and reflux disease is suspected. 


Fig. 4.149 Coronal view of 3-D urogram using multidetector 
computed tomography. 








Abdomen 



Suprarenal glands 

The suprarenal glands are assoeiated with the superior 
pole of eaeh kidney (Fig. 4.150). They eonsist of an outer 
cortex and an inner medulla. The right gland is shaped like 
a pyramid, whereas the left gland is semilunar in shape and 
the larger of the two. 

Anterior to the right suprarenal gland is part of the 
right lobe of the liver and the inferior vena eava, whereas 


anterior to the left suprarenal gland is part of the stomaeh, 
panereas, and, on oeeasion, the spleen. Parts of the dia- 
phragm are posterior to both glands. 

The suprarenal glands are surrounded by the perineph- 
rie fat and enelosed in the renal faseia, though a thin 
septum separates eaeh gland from its assoeiated kidney. 
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Fig. 4.150 Arterial supply to the suprarenal glands. 


386 








































Regional anatomy • Posterior Abdominal Region 



Suprarenal vasculature 

The arterial supply to the suprarenal glands is extensive 
and arises from three primary sources (Fig. 4.150): 

As the bilateral inferior phrenie arteries pass upward 
from the abdominal aorta to the diaphragm, they give 
off imiltiple branehes (superior suprarenal arteries) to 
the suprarenal glands. 

A middle braneh (middle suprarenal artery) to the 
suprarenal glands usually arises direetly from the 
abdominal aorta. 

Inferior branehes (inferior suprarenal arteries) from the 
renal arteries pass upward to the suprarenal glands. 

In eontrast to this multiple arterial supply is the venous 
drainage, which usually eonsists of a single vein leaving 
the hilum of eaeh gland. On the right side, the right 
suprarenal vein is short and almost immediately enters 
the inferior vena eava, while on the left side, the left supra- 
renal vein passes inferiorly to enter the left renal vein. 


Vasculature 

Abdominal aorta 

The abdominal aorta begins at the aortie hiatus of the 
diaphragm as a midline structure at approximately the 
lower level of vertebraTXII (Fig. 4.151). It passes down- 
ward on the anterior surface of the bodies of vertebrae LI 
to LIV, ending just to the left of midline at the lower level 
of vertebra LIV. At this point, it divides into the right and 
left eommon iliae arteries. This bifurcation ean be visu- 
alized on the anterior abdominal wall as a point approxi- 
mately 2.5 em below the umbilicus or even with a line 
extending between the highest points of the iliae erest. 

As the abdominal aorta passes through the posterior 
abdominal region, the prevertebral plexus of nerves and 
ganglia eovers its anterior surface. It is also related to 
numerous other structures: 

Anterior to the abdominal aorta, as it deseends, are the 
panereas and splenie vein, the left renal vein, and the 
inferior part of the duodenum. 
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Fig. 4.151 Abdominal aorta. 
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Abdomen 



Several lumbar veins eross it posteriorly as they pass to 
the inferior vena eava. 

On its right side are the eisterna ehyli, thoraeie duct, 
azygos vein, right crus of the diaphragm, and the infe- 
rior vena eava. 

On its left side is the left crus of the diaphragm. 

Branehes of the abdominal aorta (Table 4.3) ean be 
elassified as: 

viseeral branehes supplying organs, 

posterior branehes supplying the diaphragm or body 

wall, or 

■ terminal branehes. 

Viseeral branehes 

The viseeral branehes are either unpaired or paired vessels. 

The three unpaired viseeral branehes that arise from the 
anterior surface of the abdominal aorta (Fig. 4.151) are: 

the eeliae trunk, which supplies the abdominal foregut, 
the superior mesenterie artery, which supplies the 
abdominal midgut, and 

the inferior mesenterie artery, which supplies the 
abdominal hindgut. 

The paired viseeral branehes of the abdominal aorta 
(Fig. 4.151) inehide: 

the middle suprarenal arteries—small, lateral branehes 
of the abdominal aorta arising just above the renal 


arteries that are part of the imiltiple vascular supply to 
the suprarenal gland; 

the renal arteries—lateral branehes of the abdominal 
aorta that arise just inferior to the origin of the superior 
mesenterie artery between vertebrae LI and LII, and 
supply the kidneys; and 

the testicular or ovarian arteries—anterior branehes of 
the abdominal aorta that arise below the origin of the 
renal arteries, and pass downward and laterally on the 
anterior surface of the psoas major muscle. 

Posterior branehes 

The posterior branehes of the abdominal aorta are vessels 
supplying the diaphragm or body wall. They eonsist of the 
inferior phrenie arteries, the lumbar arteries, and the 
median saeral artery (Fig. 4.151). 

Inferior phrenie arteries 

The inferior phrenie arteries arise immediately 
inferior to the aortie hiatus of the diaphragm either 
direetly from the abdominal aorta, as a eommon trank 
from the abdominal aorta, or from the base of the eeliae 
trank (Fig. 4.151). Whatever their origin, they pass 
upward, provide some arterial supply to the suprarenal 
gland, and continue onto the inferior surface of the 
diaphragm. 

Lumbar arteries 

There are usually four pairs of lrnnbar arteries arising 
from the posterior surface of the abdominal aorta 


Table 43 Branehes of the abdominal aorta 

Artery 

Braneh 

Origin 

Parts supplied 

Celiac trunk 

Anterior 

Immediately inferior to the aortie hiatus of 
the diaphragm 

Abdominal foregut 

Superior mesenterie artery 

Anterior 

Immediately inferior to the eeliae trunk 

Abdominal midgut 

Inferior mesenterie artery 

Anterior 

Inferior to the renal arteries 

Abdominal hindgut 

Middle suprarenal arteries 

Lateral 

Immediately superior to the renal arteries 

Suprarenal glands 

Renal arteries 

Lateral 

Immediately inferior to the superior 
mesenterieartery 

Kidneys 

Testicular or ovarian arteries 

Paired anterior 

Inferior to the renal arteries 

Testes in male and ovaries in female 

Inferior phrenie arteries 

Lateral 

Immediately inferior to the aortie hiatus 

Diaphragm 

Lumbar arteries 

Posterior 

Usually four pairs 

Posterior abdominal wall and spinal 
eord 

Median saeral artery 

Posterior 

Just superior to the aortie bifurcation, passes 
inferiorly aeross lumbar vertebrae, sacrum, 
and coccyx 


Common iliae arteries 

Terminal 

Bifurcation usually occurs at the level of LIV 
vertebra 
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(Fig. 4.151). They ran laterally and posteriorly over the 
bodies of the lumbar vertebrae, continue laterally, passing 
posterior to the sympathetie trunks and between the trans- 
verse proeesses of adjaeent lumbar vertebrae, and reaeh 
the abdominal wall. From this point onward, they demon- 
strate a branehing pattern similar to a posterior intereostal 
artery, which includes providing segmental branehes that 
supply the spinal eord. 


Median saeral artery 

The final posterior braneh is the median saeral artery 
(Fig. 4.151). This vessel arises from the posterior surface of 
the abdominal aorta just superior to the bifurcation and 
passes in an inferior direetion, first over the anterior surface 
of the lower lumbar vertebrae and then over the anterior 
surface of the saemrn and coccyx. 


In the elinie 

Abdominal aortie stent graft 

An abdominal aortie aneurysm is a dilatation of the aorta 
and generally tends to occur in the infrarenal region (the 
region at or below the renal arteries). As the aorta expands 7 
the risk of rupture inereases, and it is now generally 
aeeepted that when an aneurysm reaehes 5.5 em or greater 
an operation will signifieantly benefit the patient. 

With the aging popolation, the number of abdominal 
aortie aneurysms is inereasing. Moreover, with the 
inereasing use of imaging techniques a number of 
abdominal aortie aneurysms are identified in 
asymptomatie patients. 

For many years the standard treatment for repair was 
an open operative technique, which involved a large 
ineision from the xiphoid proeess of the sternum to the 
symphysis pubis and disseetion of the aneurysm. The 
aneurysm was excised and a tubular woven graft was 
sewn into plaee. Reeovery may take a number of days, 
even weeks, and most patients would be plaeed in the 
intensive eare unit afterthe operation. 

Further developments and techniques have led to a 
new type of procedure being performed to treat 


abdominal aortie aneurysms—the endovascular graft. The 
idea of plaeing the graft into the aortie aneurysm and 
lining the dilated vessel is not new and was first deseribed 
over 10 years ago. Sinee the original deseription the 
deviees have been modified on a number of oeeasions 
(Fig. 4.152). 

The technique involves surgically disseeting the 
femoral artery below the inguinal ligament. A small 
ineision is made in the femoral artery and the preloaded 
eompressed graft with metal support struts is passed on a 
large eatheter into the abdominal aorta through the 
femoral artery. Llsing X-ray for guidance the graft is 
opened, lining the inside of the aorta. Limb attaehments 
are made to the graft that extend into the eommon iliae 
vessels. This bifurcated tube deviee effeetively excludes 
the abdominal aortie aneurysm. 

This type of deviee is not suitable for all patients. 
Patients who reeeive this deviee do not need to go to the 
intensive eare unit. Many patients leave the hospital 
within 24 to 48 hours. Importantly, this deviee ean be used 
for patients who were deemed unfit for open surgical 
repair. 




Fig. 4.152 Volume-rendered reeonstmetion using multidetector computed tomography of patient with an infrarenal abdominal aortie 
aneurysm before (A) and after (B) endovascular aneurysm repair. Note the image only demonstrates the intraluminal eontrast and not 
the entire vessel. White patehes in the aorta represent intramural calcium. 
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Abdomen 


Inferior vena eava 

The inferior vena eava returns blood from all structures 
below the diaphragm to the right atrium of the heart. It is 
formed when the two eommon iliae veins eome together at 
the level of vertebra LV, just to the right of midline. It 
aseends through the posterior abdominal region anterior 
to the vertebral column immediately to the right of the 
abdominal aorta (Fig. 4.153), continues in a superior 


direetion, and leaves the abdomen by piereing the eentral 
tendon of the diaphragm at the level of vertebra TVIII. 

During its course, the anterior surface of the inferior 
vena eava is erossed by the right eommon iliae artery, the 
root of the mesentery, the right testicular or ovarian artery, 
the inferior part of the duodenum, the head of the pan- 
ereas, the superior part of the duodenum, the bile duct, the 
portal vein, and the liver, which overlaps and on oeeasion 
eompletely surrounds the venaeava (Fig. 4.153). 
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Fig. 4.153 Inferior vena eava. 
















































Regional anatomy • Posterior Abdominal Region 



Tributaries to the inferior vena eava include the: 

eommon iliae veins, 
lumbar veins, 

right testicular or ovarian vein, 
renal veins, 
right suprarenal vein, 
inferior phrenie veins, and 
hepatie veins. 

There are no tributaries from the abdominal part of the 
gastrointestinal traet, the spleen, the panereas, or the gall- 
bladder, because veins from these structures are eompo- 
nents of the portal venous system, which fìrst passes 
through the liver. 

Of the venous tributaries mentioned above, the lumbar 
veins are unique in their eonneetions and deserve speeial 
attention. Not all of the lumbar veins drain direetly into the 
inferior vena eava (Fig. 4.154): 

The fifth lumbar vein generally drains into the iliolum- 
bar vein, a tributary of the eommon iliae vein. 

The third and fourth lumbar veins usually drain into the 
inferior vena eava. 
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The first and seeond lumbar veins may empty into the 
aseending himbar veins. 

The aseending lumbar veins are long, anastomosing 
venous ehannels that eonneet the eommon iliae, iliolum- 
bar, and lumbar veins with the azygos and hemi-azygos 
veins of the thorax (Fig. 4.154). 

If the inferior vena eava beeomes bloeked, the aseend- 
ing lumbar veins beeome important eollateral ehannels 
between the lower and upper parts of the body. 


In the elinie 

Inferior vena eava fìlter 

Deep vein thrombosis is a potentially fatal eondition 
where a elot (thrombus) is formed in the deep venous 
system of the legs and the veins of the pelvis. Virchow 
deseribed the reasons for thrombus formation as 
deereased blood flow 7 abnormality of the constituents 
of blood, and abnormalities of the vessel wall. Common 
predisposing faetors include hospitalization and 
surgery, the oral eontraeeptive pill, smoking, and air 
travel. Other faetors include elotting abnormalities 
(e.g., protein S and protein C defieieney). 

The diagnosis of deep vein thrombosis may be 
difficult to establish, with symptoms including leg 
swelling and pain and diseomfort in the ealf. It may 
also be an ineidental finding. 

In praetiee, patients with suspected deep vein 
thrombosis undergo a D-dimer blood test, which 
measures levels of a fibrin degradation product. If this 
is positive there is a high assoeiation with deep vein 
thrombosis. 

The consequences of deep vein thrombosis are 
twofold. Oeeasionally the elot may dislodge and pass 
into the venous system through the right side of the 
heart and into the main pulmonary arteries. If the elots 
are of signifieant size they obstmet blood flow to the 
lung and may produce instantaneous death. Seeondary 
eomplieations include destruction of the normal 
valvular system in the legs, which may lead to venous 
ineompeteney and ehronie leg swelling with ulceration. 

The treatment for deep vein thrombosis is 
prevention. In order to prevent deep vein thrombosis, 
patients are optimized by removing all potential risk 
faetors. Subcutaneous heparin may be injeeted and the 
patient wears eompression stoekings to prevent venous 
stasis while in the hospital. 

In eertain situations it is not possible to optimize the 
patient with prophylaetie treatment, and it may be 
neeessary to insert a filter into the inferior vena eava 
that traps any large elots. It may be removed after the 
risk period has ended. 


Fig. 4.154 Lumbar veins. 
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Abdomen 


Lymphatie system 

Lymphatie drainage from most deep structures and regions 
of the body below the diaphragm eonverges mainly on eol- 
leetions of lymph nodes and vessels assoeiated with the 
major blood vessels of the posterior abdominal region (Fig. 
4.155). The lymph then predominantly drains into the 
thoraeie duct. Major lymphatie ehannels that drain differ- 
ent regions of the body as a whole are summarized in 


Table 4.4 (also see Chapter 1, pp. 29-30, for discussion of 
lymphaties in general). 

Pre-aortic and lateral aortie or lumbar nodes 
(para-aortie nodes) 

Approaehing the aortie bifurcation, the eolleetions of 
lymphaties assoeiated with the two eommon iliae arteries 
and veins merge, and multiple groups of lymphatie vessels 
and nodes assoeiated with the abdominal aorta and 
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Fig. 4.155 Abdominal lymphaties. 


Table 4.4 Lymphatie drainage 


Lymphatie vessel 

Right jugular trunk 

Left jugular trunk 

Right subclavian trunk 

Left subclavian trunk 

Right bronehomediastinal trunk 

Left bronehomediastinal trunk 

Thoraeie duct 


Area drained 

Right side of head and neek 
Left side of head and neek 

Right upper limb, superficial regions of thoraeie and upper abdominal walls 

Left upper limb, superficial regions of thoraeie and upper abdominal walls 

Right lung and bronehi, mediastinal structures, thoraeie wall 

Left lung and bronehi, mediastinal structures, thoraeie wall 

Lower limbs, abdominal walls and viseera, pelvie walls and viseera, thoraeie wall 












































Regional anatomy • Posterior Abdominal Region 


4 


inferior vena eava pass superiorly. These eolleetions may be 
subdivided into pre-aortie nodes, which are anterior to 
the abdominal aorta, and right and left lateral aortie or 
lumbar nodes (para-aortie nodes), which are posi- 
tioned on either side of the abdominal aorta (Fig. 4.155). 

As these eolleetions of lymphaties pass through the pos- 
terior abdominal region, they continue to eolleet lymph 
from a variety of structures. The lateral aortie or lumbar 
lymph nodes (para-aortie nodes) reeeive lymphaties from 
the body wall, the kidneys, the suprarenal glands, and the 
testes or ovaries. 

The pre-aortie nodes are organized around the three 
anterior branehes of the abdominal aorta that supply the 


abdominal part of the gastrointestinal traet, as well as the 
spleen, panereas, gallbladder, and liver. They are divided 
into eeliae, superior mesenterie, and inferior mesenterie 
nodes, and reeeive lymph from the organs supplied by the 
similarly named arteries. 

Finally, the lateral aortie or lumbar nodes form the right 
and left lumbar trunks, whereas the pre-aortie nodes form 
the intestinal trunk (Fig. 4.155). These tranks eome 
together and form a confluence that, at times, appears as 
a saccular dilation (the eisterna ehyli). This eonfhienee of 
lymph tranks is posterior to the right side of the abdominal 
aorta and anterior to the bodies of vertebrae LI and LII. It 
marks the beginning of the thoraeie duct. 


In the elinie 

Retroperitoneal lymph node surgery 

From a elinieal perspeetive, retroperitoneal lymph nodes 
are arranged in two groups. The pre-aortie lymph node 
group drains lymph from the embryologieal midline 
structures 7 such as the liver, bowel 7 and panereas. The 
para-aortie lymph node group (the lateral aortie or lumbar 
nodes), on either side of the aorta, drain lymph from 
bilateral structures, such as the kidneys and adrenal 
glands. Organs embryologieally derived from the 
posterior abdominal wall also drain lymph to these 
nodes. These organs include the ovaries and the testes 
(importantly, the testes do not drain lymph to the 
inguinal regions). 

In general, lymphatie drainage follows standard 
predietable routes; however, in the presenee of disease, 
alternate routes of lymphatie drainage will occur. 

There are a number of causes for enlarged 
retroperitoneal lymph nodes. In the adult, massively 
enlarged lymph nodes are a feature of lymphoma, and 
smaller lymph node enlargement is observed in the 
presenee of infeetion and metastatie malignant spread of 
disease (e.g v eolon eaneer). 

The treatment for malignant lymph node disease is 
based upon a number of faetors, including the site of the 
primary tumor (e.g., bowel) and its histologieal eell type. 
Normally, the primary tumor is surgically removed and the 
lymph node spread and metastatie organ spread (e.g v to 
the liver and the lungs) are often treated with 
ehemotherapy and radiotherapy. 


In eertain instanees it may be eonsidered appropriate 
to reseetthe lymph nodes in the retroperitoneum (e.g v for 
testicular eaneer). 

The surgical approaeh to retroperitoneal lymph node 
reseetion involves a lateral paramedian ineision in the 
midclavicular line. The three layers of the anterolateral 
abdominal wall (external obligoe, internal obligoe, and 
transversus abdominis) are opened and the transversalis 
faseia is divided. The next structure the surgeon sees is 
the parietal peritoneum. Instead of entering the parietal 
peritoneom, which is standard procedure for most 
intraabdominal operations, the surgeon gently pushes the 
parietal peritoneum toward the midline, which movesthe 
intraabdominal eontents and allows a elear view of the 
retroperitoneal structures. On the left, the para-aortie 
lymph node group is easily demonstrated, with a elear 
view of the abdominal aorta and kidney. On the right the 
inferior vena eava is demonstrated and has to be retraeted 
to aeeess the right para-aortie lymph node ehain. 

The procedure of retroperitoneal lymph node 
disseetion is extremely well tolerated and laeks the 
problems of entering the peritoneal eavity (e.g v paralytie 
ileus). Unfortunately, a eomplieation of a vertieal ineision 
in the midclavicular line is division of the segmental nerve 
supply to the rectus abdominis muscle. This produces 
muscle atrophy and asymmetrieal proportions of the 
anterior abdominal wall. 
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Nervous system in the posterior 
abdominal region 

Several important eomponents of the nervous system are 
in the posterior abdominal region. These include the sym- 
pathetie trnnks and assoeiated splanehnie nerves, the 
plexus of nerves and ganglia assoeiated with the abdomi- 
nal aorta, and the lumbar plexus of nerves. 

Sympathetie tmnks and splanehnie nerves 

The sympathetie trnnks pass through the posterior abdom- 
inal region anterolateral to the lumbar vertebral bodies, 
before continuing aeross the saeral promontory and into 


the pelvie eavity (Fig. 4.156). Along their course, small 
raised areas are visible. These represent eolleetions of neu- 
ronal eell bodies—primarily postganglionie neuronal eell 
bodies—which are loeated outside the eentral nervous 
system. They are sympathetie paravertebral ganglia. There 
are usually four ganglia along the sympathetie trunks in 
the posterior abdominal region. 

Also assoeiated with the sympathetie trunks in the pos- 
terior abdominal region are the lumbar splanehnie nerves 
(Fig. 4.156). These eomponents of the nervous system pass 
from the sympathetie trunks to the plexus of nerves and 
ganglia assoeiated with the abdominal aorta. Usually two 
to four lumbar splanehnie nerves earry preganglionie sym- 
pathetie fibers and viseeral afferent fibers. 
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Inferior hypogastrie plexus 


Fig. 4.156 Sympathetie trunks passing through the posterior abdominal region. 
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Abdominal prevertebral plexus and ganglia 

The abdominal prevertebral plexus is a network of nerve 
fibers surrounding the abdominal aorta. It extends from 
the aortie hiatus of the diaphragm to the bifurcation of 
the aorta into the right and left eommon iliae arteries. 
Along its route, it is subdivided into smaller, named plex- 
uses (Fig. 4.157): 

Beginning at the diaphragm and moving inferiorly, the 
initial accumulation of nerve fibers is referred to as the 


eeliae plexus—this subdivision includes nerve fibers 
assoeiated with the roots of the eeliae trunk and supe- 
rior mesenterie artery. 

Continuing inferiorly, the plexus of nerve fibers 
extending from just below the superior mesenterie 
artery to the aortie bifurcation is the abdominal aortie 
plexus (Fig. 4.157). 

At the bifurcation of the abdominal aorta, the abdomi- 
nal prevertebral plexus continues inferiorly as the supe- 
rior hypogastrie plexus. 
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Fig. 4.157 Prevertebral plexus and ganglia in the posterior abdominal region. 






















Abdomen 



Throughout its length, the abdominal prevertebral 
plexus is a conduit for: 

preganglionie sympathetie and viseeral afferent fibers 
from the thoraeie and lumbar splanehnie nerves, 
preganglionie parasympathetie and viseeral afferent 
fibers from the vagus nerves [X], and 
preganglionie parasympathetie fibers from the pelvie 
splanehnie nerves (Fig. 4.158). 

Assoeiated with the abdominal prevertebral plexus are 
clumps of nervous tissue (the prevertebral ganglia), 


which are eolleetions of postganglionie sympathetie neu- 
ronal eell bodies in reeognizable aggregations along the 
abdominal prevertebral plexus; they are usually named 
after the nearest braneh of the abdominal aorta. They are 
therefore referred to as eeliae, superior mesenterie, 
aortieorenal, and inferior mesenterie ganglia (Fig. 
4.159). These structures, along with the abdominal pre- 
vertebral plexus, play a eritieal role in the innervation of 
the abdominal viseera. 

Common sites for pain referred from the abdominal 
viseera and from the heart are given in Table 4.5. 
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Fig. 4.158 Nerve fibers passing through the abdominal prevertebral plexus and ganglia 
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Superior mesenterie 

ganglion 



Celiac ganglion 


Àortieorenal ganglion 


* Inferior mesenterie 
ganglion 


Fig. 4.159 Prevertebral ganglia assoeiated with the prevertebral plexus. 


Table4.5 Referred pain pathways (viseeral afferents) 


Organ 

Heart 

Foregut (organs supplied by eeliae 
trunk) 

Midgut (organs supplied by superior 
mesenterie artery) 

Kidneys and upper ureter 

Hindgut (organs supplied by inferior 
mesenterie artery) and lower ureter 


Afferent pathway 

Thoraeie splanehnie nerves 
Greater splanehnie nerve 

Lesser splanehnie nerve 

Least splanehnie nerve 
Lumbar splanehnie nerves 


Spinaleord level 

T1 toT4 

T5 to T9 (orTIO) 


Referral area 

Upper thorax and medial arm 
Lower thorax and epigastrie region 


T9,T10 (or T10, T11) Umbilical region 


T12 Flanks (lateral regions) 

L1, L2 Pubic region, lateral and anterior thighs, 

and groin 
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Lumbar plexus 

The lumbar plexus is formed by the anterior rami of nerves 
L1 to L3 and most of the anterior ramus of L4 (Fig. 4.160 
and Pable 4.6). It also reeeives a contribution from the T12 
(subcostal) nerve. 

Branehes of the lumbar plexus include the iliohypogas- 
trie, ilio-inguinal and genitofemoral nerves lateral cutane- 
ous nerve of the thigh (lateral femoral cutaneous) and 
femoral and obturator nerves. The himbar plexus forms in 
the substance of the psoas major muscle anterior to its 
attaehment to the transverse proeesses of the lumbar ver- 
tebrae (Fig. 4.161). Therefore, relative to the psoas major 
muscle, the various branehes emerge either: 

■ anterior—genitofemoral nerve, 
medial—obturator nerve, or 

lateral—iliohypogastrie, ilio-inguinal, and femoral 
nerves and the lateral cutaneous nerve of the thigh. 

Iliohypogastrie and ilio-inguinal nerves (Ll) 

The iliohypogastrie and ilio-inguinal nerves arise as a 
single trunk from the anterior ramus of nerve L1 (Fig. 
4.160). Either before or soon after emerging from the 
lateral border of the psoas major muscle, this single trunk 
divides into the iliohypogastrie and the ilio-inguinal nerves. 
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Fig. 4.160 Lumbar plexus. 


Table 4.6 Branehes of the lumbar plexus 

Braneh Origin Spinal segments Function: motor Function: sensory 

lliohypogastrie Anterior ramus L1 L1 Internal oblique and Posterolateral gluteal skin and skin in 

transversus abdominis pubic region 


llio-inguinal 


Anterior ramus L1 



Internal oblique and 
transversus abdominis 


Skin in the upper medial thigh, and 
either the skin over the root of the 
penis and anterior scrotum or the 
mons pubis and labium majus 


Genitofemoral Anterior rami L1 and L2 L1, L2 


Genital braneh—male 
eremasterie muscle 


Genital braneh—skin of anterior 
scrotum or skin of mons pubis and 
labium majus; femoral braneh—skin of 
upper anterior thigh 


Lateral cutaneous 
nerve of thigh 

Anterior rami L2 and L3 

L2,L3 


Skin on anterior and lateral thigh to 
the knee 

Obturator 

Anterior rami L2 to L4 

L2 to L4 

Obturator externus, pectineus, 
and muscles in medial 
eompartment of thigh 

Skin on medial aspeet of the thigh 

Femoral 

Anterior rami L2 to L4 

L2 to L4 

lliacus, pectineus, and muscles 
in anterior eompartment of 

Skin on anterior thigh and medial 
surface of leg 


thigh 
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Fig. 4.161 Lumbar plexus in the posterior abdominal region. 
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lliohypogastrie nerve 

The iliohypogastrie nerve passes aeross the anterior 
surface of the quadratus lumborum imisele, posterior to 
the kidney. It pierees the transversus abdominis muscle and 
continues anteriorly around the body between the trans- 
versus abdominis and internal oblique muscles. Above the 
iliae erest, a lateral cutaneous braneh pierees the inter- 
nal and external oblique muscles to supply the posterolat- 
eral gluteal skin (Fig. 4.162). 

The remaining part of the iliohypogastrie nerve (the 
anterior cutaneous braneh) continues in an anterior 


direetion, piereing the internal oblique just medial to the 
anterior superior iliae spine as it continues in an obliquely 
downward and medial direetion. Beeoming cutaneous, just 
above the superficial inguinal ring, after piereing the apo- 
neurosis of the external oblique, it distributes to the skin 
in the pubic region (Fig. 4.162). Throughout its course, it 
also supplies branehes to the abdominal musculature. 

llio-inguinal nerve 

The ilio-inguinal nerve is smaller than, and inferior to, the 
iliohypogastrie nerve as it erosses the quadratus lumborum 
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Fig. 4.162 Cutaneous distribution of the nerves from the lumbar plexus. 
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Obturator nerve (L2 to L4) 


muscle. Its course is more oblique than that of the iliohy- 
pogastrie nerve, and it usually erosses part of the iliacus 
rmisele on its way to the iliae erest. Near the anterior end 
of the iliae erest, it pierees the transversus abdominis 
muscle, and then pierees the internal oblique muscle and 
enters the inguinal eanal. 

The ilio-inguinal nerve emerges through the superficial 
inguinal ring, along with the spermatie eord, and provides 
cutaneous innervation to the upper medial thigh, the 
root of the penis, and the anterior surface of the scrotum 
in men, or the mons pubis and labium majus in women 
(Fig. 4.162). Throughout its course, it also supplies 
branehes to the abdominal musculature. 

Genitofemoral nerve (L1 and L2) 

The genitofemoral nerve arises from the anterior rami of 
nerves L1 and L2 (Fig. 4.160). It passes downward in the 
substance of the psoas major muscle until it emerges on 
the anterior surface of the psoas major. It then deseends on 
the surface of the muscle, in a retroperitoneal position, 
passing posterior to the ureter. It eventually divides into 
genital and femoral branehes. 

The genital braneh continues downward and enters 
the inguinal eanal through the deep inguinal ring. It eon- 
tinues through the eanal and: 

in men, innervates the eremasterie muscle and termi- 
nates on the skin in the upper anterior part of the 
serotmn, and 

in women, aeeompanies the round ligament of the 
uterus and terminates on the skin of the mons pubis 
and labhim majus. 

The femoral braneh deseends on the lateral side of the 
external iliae artery and passes posterior to the inguinal 
ligament, entering the femoral sheath lateral to the femoral 
artery. It pierees the anterior layer of the femoral sheath 
and the faseia lata to supply the skin of the upper anterior 
thigh (Fig. 4.162). 

Lateral cutaneous nerve o f thigh (L2 and L 3) 

The lateral cutaneous nerve of the thigh arises from the 
anterior rami of nerves L2 and L3 (Fig. 4.160). It emerges 
from the lateral border of the psoas major muscle, passing 
obliquely downward aeross the iliacus muscle toward the 
anterior superior iliae spine (Fig. 4.162). It passes posterior 
to the inguinal ligament and enters the thigh. 

The lateral cutaneous nerve of the thigh supplies the 
skin on the anterior and lateral thigh to the level of the 
knee (Fig. 4.162). 


The obturator nerve arises from the anterior rami of nerves 
L2 to L4 (Fig. 4.160). It deseends in the psoas major 
muscle, emerging from its medial side near the pelvie brim 

(Fig. 4.161). 

The obturator nerve continues posterior to the eommon 
iliae vessels, passes aeross the lateral wall of the pelvie 
eavity, and enters the obturator eanal, through which the 
obturator nerve gains aeeess to the medial eompartment 
of the thigh. 

In the area of the obturator eanal, the obturator nerve 
divides into anterior and posterior branehes. On enter- 
ing the medial eompartment of the thigh, the two branehes 
are separated by the obturator externus and adductor 
brevis imiseles. Throughout their course through the 
medial eompartment, these two branehes supply: 

articular branehes to the hip joint, 

■ muscular branehes to the obturator externus, peetin- 
eus, adductor longus, graeilis, adductor brevis, and 
adductor magnus muscles, 

cutaneous branehes to the medial aspeet of the 
thigh, and 

in assoeiation with the saphenous nerve, cutaneous 
branehes to the medial aspeet of the upper part of the 
leg and articular branehes to the knee joint (Fig. 4.162). 

Femoral nerve (L2 to L4) 

The femoral nerve arises from the anterior rami of nerves 
L2 to L4 (Fig. 4.160). It deseends through the substance of 
the psoas major muscle, emerging from the lower lateral 
border of the psoas major (Fig. 4.161). Continuing 
its deseent, the femoral nerve lies between the lateral 
border of the psoas major and the anterior surface of the 
iliacus muscle. It is deep to the iliacus faseia and lateral 
to the femoral artery as it passes posterior to the inguinal 
ligament and enters the anterior eompartment of the 
thigh. Upon entering the thigh, it immediately divides into 
imiltiple branehes. 

Cutaneous branehes of the femoral nerve include: 

medial and intermediate cutaneous nerves supplying 
the skin on the anterior surface of the thigh, and 
the saphenous nerve supplying the skin on the medial 
surface of the leg (Fig. 4.162). 

Muscular branehes innervate the iliacus, pectineus, sar- 
torius, rectus femoris, vastus medialis, vastus intermedius, 
and vastus lateralis muscles. Articular branehes supply the 
hip and knee joints. 
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Siirfaee anatomy 

Abdomen surface anatomy 

Visualization of the position of abdominal viseera is funda- 
mental to a physieal examination. Some of these viseera or 
their parts ean be felt by palpating through the abdominal 
wall. Surface features ean be used to establish the positions 
of deep structures. 

Defìning the surface projeetion 
of the abdomen 

Palpable landmarks ean be used to delineate the extent 
of the abdomen on the surface of the body. These land- 
marks are: 

the eostal margin above and 

the pubic tubercle, anterior superior iliae spine, and iliae 
erest below (Fig. 4.163). 


The eostal margin is readily palpable and separates the 
abdominal wall from the thoraeie wall. 

A line between the anterior superior iliae spine and the 
pubic tubercle marks the position of the inguinal ligament, 
which separates the anterior abdominal wall above from 
the thigh of the lower limb below. 

The iliae erest separates the posterolateral abdominal 
wall from the gluteal region of the lower limb. 

The upper part of the abdominal eavity projeets above 
the eostal margin to the diaphragm, and therefore abdomi- 
nal viseera in this region of the abdomen are proteeted by 
the thoraeie wall. 

The level of the diaphragm varies during the breathing 
eyele. The dome of the diaphragm on the right ean reaeh 
as high as the fourth eostal eartilage during foreed 
expiration. 
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Fig. 4.163 Interior view of the abdominal region of a man. Palpable bony landmarks, the inguinal ligament, and the position of the 
diaphragm are indieated. 
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How to fìnd the siiperfìeial inguínal ring 

The superficial inguinal ring is an elongate triangular 
defeet in the aponeurosis of the external oblique (Fig. 
4.164). It lies in the lower medial aspeet of the anterior 
abdominal wall and is the external opening of the inguinal 


eanal. The inguinal eanal and superficial ring are larger in 
men than in women: 

In men, structures that pass between the abdomen and 
the testis pass through the inguinal eanal and superfi- 
eial inguinal ring. 
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Fig. 4.164 Groin. A. In a man. B. In a vvoman. C. Examination of the superfìcial inguinal ring and related regions of the inguinal eanal in 
a man. 
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In women, the round ligament of the uterus passes 
throughthe inguinal eanal and superficial inguinal ring 
to merge with eonneetive tissue of the labium majus. 

The superficial inguinal ring is superior to the pubic 
erest and tubercle and to the medial end of the inguinal 
ligament: 

In men, the superficial inguinal ring ean be easily 
loeated by following the spermatie eord superiorly to the 
lower abdominal wall—the external spermatie faseia of 
the spermatie eord is continuous with the margins of 
the superficial inguinal ring. 

■ In women, the pubic tubercle ean be palpated and the 
ring is superior and lateral to it. 

The deep inguinal ring, which is the internal opening to 
the inguinal eanal, lies superior to the inguinal ligament, 
midway between the anterior superior iliae spine and pubic 


symphysis. The pulse of the femoral artery ean be felt in 
the same position but below the inguinal ligament. 

Because the superficial inguinal ring is the site where 
inguinal hernias appear, particularly in men, the ring and 
related parts of the inguinal eanal are often evaluated 
during physieal examination. 

How to determine liimbar vertebral levels 

Lumbar vertebral levels are useful for visualizing the posi- 
tions of viseera and major blood vessels. The approximate 
positions of the lumbar vertebrae ean be established using 
palpable or visible landmarks (Fig. 4.165): 

■ A horizontal plane passes through the medial ends of 
the ninth eostal eartilages and the body of the LI 
vertebra—this transpylorie plane cuts through the body 
midway between the suprasternal (jugular) noteh and 
the pubic symphysis. 
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Fig. 4.165 Landmarks used f or establishing the positions of lumbar vertebrae are indieated. Anterior view of the abdominal region of a man. 





































Surface anatomy • Visualizing Structures at the Ll Vertebral Level 





A horizontal plane passes through the lower edge of the 
eostal margin (tenth eostal eartilage) and the body of 
the LIII vertebra—the umbilicus is normally on a hori- 
zontal plane that passes through the dise between the 
LIII and LIV vertebrae. 

A horizontal plane (supracristal plane) through the 
highest point on the iliae erest passes through the spine 
and body of the LIV vertebra; 

A plane through the tubercles of the erest of the ilium 
passes through the body of the LV vertebra. 

Visiializíng structures at the Ll 
vertebral level 

The LI vertebral level is marked by the transpylorie plane, 
which cuts transversely through the body midway between 


the jugular noteh and pubic symphysis, and through 
the ends of the ninth eostal eartilages (Fig. 4.166). At this 
level are: 

the beginning and upper limit of the end of the 
duodenum, 

■ the hila of the kidneys, 

the neek of the panereas, and 

the origin of the superior mesenterie artery from the 
aorta. 

The left and right eolie flexures also are elose to this 
level. 
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Fig. 4.166 Ll vertebral level and the important viseera assoeiated with this level. Anterior view of the abdominal region of a man. 
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Visiializing the position of major 
blood vessels 

Eaeh of the vertebral levels in the abdomen is related to the 
origin of major blood vessels (Fig. 4.167): 

The eeliae trunk originates from the aorta at the upper 
border of the LI vertebra. 

The superior mesenterie artery originates at the lower 
border of the LI vertebra. 


The renal arteries originate at approximately the LII 
vertebra. 

The inferior mesenterie artery originates at the LIII 
vertebra. 

The aorta bifurcates into the right and left eommon iliae 
arteries at the level of the LIV vertebra. 

The leí’t and right eommon iliae veins join to form the 
inferior vena eava at the LV vertebral level. 
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Fig. 4.167 Major vessels projeeted onto the body s surface. Anterior view of the abdominal region of a man. 
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Siirfaee anatomy • Using Abdominal Quadrants to Loeate Major Viseera 


Using abdominal quadrants to loeate 
major viseera 

The abdomen ean be divided into quadrants by a vertieal 
median plane and a horizontal transumbilical plane, which 
passes through the umbilicus (Fig. 4.168): 

The liver and gallbladder are i n the right upper quadrant. 
The stomaeh and spleen are in the left upper quadrant. 
The cecum and appendix are in the right lower quadrant. 
The end of the deseending eolon and sigmoid eolon are 
in the leí’t lower quadrant. 


Most of the liver is under the right dome of the dia- 
phragm and is deep to the lower thoraeie wall. The inferior 
margin of the liver ean be palpated deseending below the 
right eostal margin when a patient is asked to inhale deeply. 
On deep inspiration, the edge of the liver ean be felt 
“slipping” under the palpating fìngers plaeed under the 
eostal margin. 

A eommon surface projeetion of the appendix is 
McBurney’s point, which is one-third of the way up along 
a line from the right anterior superior iliae spine to the 
umbilicus. 
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Fig. 4.168 Abdominal quadrants and the positions of major viseera. Anterior view of a man. 






































Abdomen 


Defìning surface regions to which pain 
from the gut is referred 

The abdomen ean be divided into nine regions by a midela- 
vicular sagittal plane on eaeh side and by the subcostal 
and intertubercular planes, which pass through the 
body transversely (Fig. 4.169). These planes separate the 
abdomen into: 


three eentral regions (epigastrie, umbilical, pubic), and 
■ three regions on eaeh side (hypochondrium, flank, 
groin). 

Pain from the abdominal part of the foregut is referred 
to the epigastrie region, pain from the midgut is referred to 
the umbilical region, and pain from the hindgut is referred 
to the pubic region. 
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Fig. 4.169 The nine regions of the abdomen. Anterior view of a woman. 






























Surface anatomy • Where to Find the Spleen 



Where to fìnd the kidneys 

The kidneys projeet onto the baek on either side of the 
midline and are related to the lower ribs (Fig. 4.170): 

The left kidney is a little higher than the right and 
reaehes as high as rib XI. 

The superior pole of the right kidney reaehes only as 
high as rib XII. 

The lower poles of the kidneys occur around the level of 
the dise between the LIII and LIV vertebrae. The hila of the 


kidneys and the beginnings of the ureters are at approxi- 
mately the LI vertebra. 

The ureters deseend vertieally anterior to the tips of the 
transverse proeesses of the lower lumbar vertebrae and 
enter the pelvis. 

Where to fìnd the spleen 

The spleen projeets onto the left side and baek in the area 
of ribs IX to XI (Fig. 4.171). The spleen follows the contour 
of rib X and extends from the superior pole of the left 
kidney to just posterior to the midaxillary line. 


Rib XI 


Left kidney 
Left ureter 



Rib XII 
Right kidney 

Transverse proeesses 
of lumbar vertebrae 


Fig. 4.170 Surface projeetion of the kidneys and ureters. Posterior view of the abdominal region of a woman. 


Spleen 
Rib X 

Left kidney 



Fig. 4.171 Surface projeetion of the spleen. Posterior view of a man. 
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Ginieal eases 


Case 1 

TRAUMATIC RUPTURE OF THE DIAPHRAGM 

A 45-year-old man had mild epìgastrie pain, and a 
diagnosis of esophageal ref1ux was made. He was 
given appropriate medieation, which worked well. 
However, at the time of the initial consultation, the 
family praetitioner requested a ehest radiograph, 
which demonstrated a prominent hump on the left 
side of the diaphragm and old rib fractures. 

The patient was reealled for further questioning. 

He was extremely pleased with the treatment he had 
been given for his gastroesophageal reflux, but was 
eoneerned about being reealled for further history and 
examination. During the interview, he revealed that he 
had previously been involved in a motoreyele aeeident 
and had undergone a laparotomy for a "roptore." The 
patient did not reeall what operation was performed, but 
was assured at the time that the operation was a great 
success. 


The patient is likely to have undergone a spleneetomy. 

In any patient who has had severe blunt abdominal 
trauma (such as that caused by a motoreyele aeeident), 
lower left-sided rib fractures are an extremely important 
sign of appreeiable trauma. 

A review of the patient's old notes revealed that at the 
time of the injury the spleen was removed surgically, but 
it was not appreeiated that there was a small rupture of 
the dome of the left hemidiaphragm. The patient 
gradually developed a hernia through which bowel could 
enter, producing the "hump" on the diaphragm seen on 
the ehest radiograph. 

Because this injury occurred many years ago and the 
patient has been asymptomatie, it is unlikely that the 
patient will eome to any harm and was diseharged. 


Case 2 

CHRONIC THROMBOSIS OF THE INFERIOR VENA CAVA 

A medieal student was asked to inspeet the abdomen 
of two patients. On the first patient he noted irregular 
veins radiating from the umbilicus. On the seeond 
patient he noted irregular veins, coursing in a caudal 
to eranial direetion, overthe anterior abdominal wall 
from the groin tothe ehest. He was asked to explain 
his fìndings and determine the signifìeanee of these 
features. 

In the first patient the veins were draining radially away 
from the periumbilical region. In normal individuals 7 
enlarged veins do not radiate from the umbilicus. In 
patients with portal hypertension the portal venous 
pressure is inereased as a result of hepatie disease. Small 
eollateral veins develop at and around the obliterated 
umbilical vein. These veins pass through the umbilicus 
and drain onto the anterior abdominal wall, forming a 
portosystemie anastomosis. The eventual diagnosis for 
this patient was eirrhosis of the liver. 

The fìnding of veins draining in a caudocranial direetion 
on the anterior abdominal wall in the seeond patient is 


not typieal for veins on the anterior abdominal wall. 

When veins are so prominent, it usually implies that there 
is an obstmetion to the normal route of venous drainage 
and an alternative route has been taken. Typieally, blood 
from the lower limbs and the retroperitoneal organs 
drains into the inferior vena eava and from here to the 
right atrium of the heart. This patient had a ehronie 
thrombosis of the inferior vena cava r preventing blood 
from returning to the heart by the "usual" route. 

Blood from the lower limbs and the pelvis may drain via 
a series of eollateral vessels, some ofwhich include 
the superficial inferior epigastrie veins, which run in the 
superfìcial faseia. These anastomose with the superior, 
soperfieial, and deep epigastrie venous systems to drain 
into the internal thoraeie veins, which in turn drain into 
the braehioeephalie veins and the superior vena eava. 

After the initial inferior vena eava thrombosis, the veins 
of the anterior abdominal wall and other eollateral 
pathways hypertrophy to aeeommodate the inerease in 
blood flow. 
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Case 3 

LIVER BIOPSY IN PATIENTS WITH SUSPECTED 
LIVER CIRRHOSIS 

A 55-year-old man developed severe jaundice and 
a massively distended abdomen. A diagnosis of 
eirrhosis of the liver was made, and further 
eonfìrmatory tests demonstrated that the patient 
had signifìeant aseites (free fluid within the 
peritoneal eavity). A liver biopsy was neeessary 
to eonfìrm the eirrhosis, but there was some 
debate about how this biopsy should be obtained 
(Fig. 4.172). 

In patients with eirrhosis it is important to determine the 
extent of the eirrhosis and the etiology. 

History, eKamination, and blood tests are useful and are 
supported by complex radiologieal investigations. To 
begin treatment and determine the prognosis, a sample 
of liver tissue must be obtained. However, there are 
important issues to eonsider when taking a liver biopsy 
from a patient with suspected eirrhosis. 

One issue is liver function. 


Bíopsy needle in 
right hepatie vetn 



Fig. 4.172 Transjugular liver biopsy needle in the right hepatie 
vein. Radiograph. 


The liver function of patients with suspected liver disease 
is poor, as demonstrated by the patient's jaundice—an 
inability to conjugate bilimbin. Importantly, because 
some liver products are blood-elotting faetors involved in 
the elotting easeade, the blood-elotting ability of patients 
with severe liver disease is signifieantly impaired. These 
patients therefore have a high risk of bleeding. 

Another issue is the presenee of aseites. 

Normally the liver rests against the lateral and anterior 
abdominal walls. This direet eontaet ean be useful for 
eare after a liver biopsy has been obtained. After the 
procedure, the patient lies over the region where the 
biopsy has been obtained and the weight of the liver 
stems any loealized bleeding. When patients have 
signifieant aseites, the liver eannot be eompressed 
against the walls of the abdomen and blood may pour 
freely into the aseitie fluid. 

The patient has aseites, so another approaeh for a liver 
biopsy must be eonsidered. 

The patient was referred to the radiology department for 
a transjugular liver biopsy. 

The skin around the jugular vein in the neek was 
anesthetized. Aeeess was obtained through insertion of a 
needle and a guidewire. The guidewire was advaneed 
through the right internal jugular vein and into the right 
braehioeephalie vein. It entered the superior vena eava, 
was passed along the posterior wall of the atrmm, and 
entered the superior aspeet of the inferior vena eava. A 
eatheter was inserted over the wire and direeted into the 
right hepatie vein. Using a series of dilators, the hole was 
enlarged and a biopsy needle was plaeed overthe wire 
and into the right hepatie vein. The liver was biopsied 
through the right hepatie vein and the biopsy sample 
was removed. A simple suture was used to elose the 
internal jugular vein in the neek, and minor eompression 
stemmed any blood flow. 

Assuming that the biopsy needle does not penetrate the 
liver capsule, it is not important how much the patient 
bleedsfrom the liver, because this bleeding will enter 
the hepatie vein and is immediately returned to the 
circulation. 
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Case 4 

HODGKIN'S LYMPHOMA 

A 30-year-old man had a diffuse and poorly defìned 
epigastrie mass. Further examination revealed 
asymmetrieal serotal enlargement. 

As part of her differential diagnosis, the resident 
eonsidered the possibility that the man had testicular 
eaneer with regional abdominal para-aortie nodal 
involvement (the lateral aortie, or lumbar, nodes). 

A primary testicular neoplasm is the most eommon tumor 
in men between the ages of 25 and 34 and accounts for 
between 1% and 2% of all malignaneies in men. A family 
history of testicular eaneer and maldeseent of the testis 
are strong predisposing faetors. 

Spread of the tumor is typieally to the lymph node ehains 
that drain the testes. 

The testes develop from structures adjaeent to the renal 
vessels in the upper abdomen, between the transversalis 
faseia and the peritoneum. They normally migrate 
through the inguinal eanals into the scrotum just before 
birth. The testes take with them their arterial supply, their 
venous drainage, their nerve supply, and their lymphaties. 

A computed tomography sean revealed a para-aortie 
lymph node mass in the upper abdomen and enlarged 
lymph nodes throughout the internal and eommon 
iliae lymph node ehains. 

Assuming the serotal mass was a eareinoma of the testes, 
which would normally drain into the lateral aortie 
(lumbar) nodes in the upper abdomen, it would be very 
unusual for iliae lymphadenopathy to be present. 

Further examination of the serotal mass was required. 

A transillumination test of the scrotum on the affeeted 
side was positive. An ultrasound sean revealed normal 
right and left testes and a large fluid eolleetion around 
the right testis. A diagnosis of a right-sided hydroeele 
was made. 

Serotal masses are eommon in young males, and 
determining the exact anatomieal site of the serotal mass 


is of utmost elinieal importanee. Any mass that arises 
from the testis should be investigated to exclude 
testicular eaneer. Masses that arise from the epididymis 
and serotal lesions, such as fluid (hydroeele) or hernias, 
are also elinieally important but are not malignant. 

The ultrasound sean revealed fluid surrounding the testis, 
which is diagnostie of a hydroeele. Simple eysts arising 
from and around the epididymis (epididymal eysts) ean 
be easily defined. 

A diagnosis of lymphoma was suspected. 

Lymphoma is a malignant disease of lymph nodes. Most 
lymphomas are divided into two speeifie types, namely 
Hodgkin's lymphoma and non-Hodgkin's lymphoma. If 
caught early the prognosis following radieal 
ehemotherapy is excellent. 

The patient underwent a biopsy, which was performed 
from the posterior approaeh. He was plaeed in the prone 
position in the computed tomography (CT) seanner. A 
fine needle with a speeial cutting deviee was used to 
obtain a lymph node sample. A left-sided approaeh was 
used because the inferior vena eava is on the right side 
and the nodes were in the para-aortie regions (i.e v the 
biopsy needle would have to pass between the inferior 
vena eava and the aorta from a posterior approaeh, which 
is difficult). The skin was anesthetized using loeal 
anesthetie at the lateral border of the quadratus 
lumborum muscle. The needle was angled at 
approximately 45° within the quadratus lumborum 
muscle and entered the retroperitoneum to lie beside 
the left-sided para-aortie lymph nodes. Because this 
procedure is performed using CT guidance, the operator 
ean advanee the needle slowly, taking eare not to "hit" 
other retroperitoneal structures. 

A good biopsy was obtained and the diagnosis was 
Hodgkin's lymphoma. The patient underwent 
ehemotherapy and 2 years later is in full remission 
and leads an aetive life. 
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Case 5 

INGLJINAL HERNIA 

A 35-year-old man had a soft mass approximately 
3 em in diameter in the right scrotum. The diagnosis 
was a right indireet inguinal hernia. 

What were the examination fìndings? 

The mass was nottender and the physieian was not able 
to "get above it." The testes were felt separate from the 
mass, and a transillumination test (in which a bright light 
is plaeed behind the scrotum and the serotal sae is 
viewed from the front) was negative. (A positive test 
occurs when the light penetrates through the scrotum.) 

When the patient stood up, a positive cough "impulse" 
was felt within the mass. 


After careful and delieate maneuvering, the mass could 
be massaged into the inguinal eanal, so emptying from 
the scrotum. When the massaging hand was removed, 
the mass recurred in the scrotum. 

An indireet inguinal hernia enters the inguinal eanal 
through the deep inguinal ring. It passes through the 
inguinal eanal to exit through the superficial inguinal ring 
in the aponeurosis of the external oblique muscle. The 
hernia sae lies superior and medial to the pubic tubercle 
and enters into the scrotum within the spermatie eord. 

A direet inguinal hernia passes direetly through the 
posterior wall of the inguinal eanal. It does not pass down 
the inguinal eanal. If large enough, it may pass through 
the superficial inguinal ring and into the scrotum. 


Case 6 

URETERIC STONE 

A 25-year-old man developed severe pain in the left 
lower quadrant of his abdomen. The pain was diffuse 
and relatively eonstant but did ease for short periods 
of time. On direet questioning the patient indieated 
that the pain was in the inguinal region and radiated 
posteriorly into his left infrascapular region (loin). A 
urine dipstiek was positive for blood (hematuria). 

A diagnosis of a ureteric stone (calculus) was made. 

The patient's initial infrascapular pain, which later 
radiated to the left groin, relates to passage of the 
ureteric stone along the ureter. 

The origin of the pain relates to ureteral distention. 

A series of peristaltie waves along the ureter transport 
urine along the length of the ureter from the kidney to 
the bladder. As the ureteric stone obstmets the kidney, 
the ureter beeomes distended, resulting in an 
exacerbation ofthe pain.The peristaltie waves are 
superimposed upon the distention, resulting in 
periods of exacerbation and periods of relief. 

The pain is referred. 

The viseeral afferent (sensory) nerve fibers from the ureter 
pass into the spinal eord, entering the first and seeond 
lumbar segments of the spinal eord. Pain is thus referred 


to cutaneous regions innervated by somatie sensory 
nerves from the same spinal eord levels. 

The patient was investigated by a CT sean. 

Traditionally patients are investigated with a plain 
radiograph to look for the radiopaque stone (90% 
of renal stones are radiopaque). 

An ultrasound sean may be useful to assess for 
pelviealieeal dilatation and may reveal stones at the 
pelviureteral junction or the vesicoureteric junction. 
Ultrasound is also valuable for assessing other causes of 
obstruction (e.g., tumors at and around the ureteric 
orifiees in the bladder). 

Usually an intravenous urogram would be earried outto 
enable assessment of the upper urinary traets and preeise 
loeation of the stone. 

Not infrequently, CT seans of the abdomen are also 
obtained. These seans not only give information about 
the kidneys, ureters, and bladder but also show the 
position of the stone and other assoeiated pathology. 

If this patient's infrascapular pain was on the right and 
predominantly within the right lower abdomen, 
appendieitis would also have to be excluded. A CT 
sean would enable differentiation of appendieitis and 
urinary eolie. 
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Case 7 

INTRAABDOMINAL ABSCESS 

A 27-year-old woman was admitted to the siirgieal 
ward with appendieitis. She underwent an 
appendeetomy. It was noted at operation that the 
appendix had perforated and there was pus within 
the abdominal eavity. The appendix was removed and 
the stump tied. The abdomen was washed out with 
warm saline solution. The patient initially made an 
uneventful reeovery, but by day 7 she had beeome 
unwell, with pain over her right shoulder and spiking 
temperatures. 

This patient had developed an intraabdominal abseess. 

Any operation on the bovvel may involve peritoneal 
eontamination with feeal eontents and feeal flora. This 
may not be appreeiated at the time of the operation. 

Over the postoperative period an inflammatory reaetion 
ensued and an abseess eavity developed, filling with pus. 
Typieally, the observation ehart revealed a "swinging" 
pyrexia (fever). 

The most eommon sites for abseess to develop are the 
pelvis and the hepatorenal reeess. 

When a patient is in the supine position, the lowest 
points in the abdominal and pelvie eavities are the 
posterior superior aspeet of the peritoneal eavity (the 
hepatorenal reeess) and, in women, the recto-uterine 
pouch (pouch of Douglas). 

The shoulder pain suggested that the abseess was in the 
hepatorenal reeess and that the pain was referred from 
the diaphragm. 

The motor and sensory innervation of the diaphragm is 
from nerves C3 to C5. The somatie pain sensation from 
the parietal peritoneum eovering the undersurface of the 
diaphragm is earried into the spinal eord by the phrenie 
nerve (C3 to C5) and is interpreted by the brain as 
eoming from skin over the shoulder—a region supplied 
by other somatie sensory nerves entering the same levels 
of the spinal eord as those from the diaphragm. 

A ehest radiograph demonstrated elevation of the right 
hemidiaphragm. 

This elevation of the right hemidiaphragm was due to the 
pus traeking from the hepatorenal spaee around the 


lateral and anterior aspeet of the liver to sit on top of 
the liver in a subphrenic position. An ultrasound sean 
demonstrated this eolleetion of fluid. The abseess eavity 
could be elearly seen by plaeing the ultrasound probe 
between ribs XI and XII. The inferior border of the right 
lower lobe lies at rib X in the midaxillary line. When the 
probe is plaeed between ribs XI and XII the ultrasound 
waves pass between the intereostal muscles and the 
parietal pleura laterally on the ehest wall 7 and continue 
through the parietal pleura overlying the diaphragm into 
the eavity of the abseess, which lies below the 
diaphragm. 

Drainage was not by an intereostal route. Instead, using 
CT guidance and loeal anesthesia, a subcostal drain was 
established and 1 liter of pus was removed (Fig. 4.173). It 
is important to bear in mind that plaeing a drain through 
the pleural eavity into the abdominal eavity effeetively 
allows intraabdominal pus to pass into the thoraeie 
eavity, and that this may produce an empyema (pus in 
the pleural spaee). 

The patient made a slow and uneventful reeovery. 



Subphrenic eolleetion of pus and gas 


Fig. 4.173 Subphrenic eolleetion of pus and gas. Computed 
tomogram in the axial plane. 
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Case 8 

COMPLICATIONS OF AN ABDOMINOPERINEAL 
RESECTION 

A 45-year-old man developed a low-grade reetal 
eareinoma just above the anoreetal margin. He 
underwent an abdominoperineal reseetion of the 
tumor and was left with a left lower abdominal 
eolostomy (see below). Unfortunately, the man's wife 
left him for a number of reasons, including laek of 
sexual desire. He "turned to drink" and over the 
ensuing years developed eirrhosis. He was brought 
into the emergeney room with severe bleeding from 
enlarged veins around his eolostomy. An emergeney 
transjugular intrahepatie portosystemie shunt was 
ereated, which stopped all bleeding (Figs 4.174 and 
4.175). He is now doing well in a rehabilitation 
program. 

A eolostomy was neeessary because of the low site of the 
tumor. 

Carcinoma of the eolon and rectum usually develops in 
older patients, but some people do get tumors early in 
life. Most tumors develop from benign polyps, which 
undergo malignant ehange. As the malignaney develops 
it invades through the wall of the bowel and then 
metastasizes to loeal lymphaties. The tumor extends 



Fig. 4.174 Position of a transjugular intrahepatie portosystemie 
shuntstent. Radiograph. 


within the wall for a few eentimeters above and below its 
origin. Lymphatie spread is to loeal and regional lymph 
nodes and then to the pre-aortie lymph node ehain. 
These drain eventually into the thoraeie duct. 

When this man was assessed for surgery, the tumor was 
so elose to the anal margin that reseetion of the 
sphineters was neeessary to be eertain that the tumor 
margins were elear. The bowel eannot be joined to the 
anus without sphineters because the patient would be 
feeally ineontinent. At surgery the tumor was excised, 
including the loeoregional lymph node ehains and the 
peritumoral fat around the rectum. 

The free end of the sigmoid eolon was brought through a 
hole in the anterior abdominal wall. The bowel was then 
carefully sutured to the anterior abdominal wall to allow 
plaeement of a bag to eolleet the feees. This is a 
eolostomy. 

Contrary to their usual immediate negative reaetion to 
having a bag on the anterior abdominal wall, most 
patients eope extremely well, espeeially if they have been 
cured of eaneer. 




ing portal vein 
to hepatie vein 


Hepatie vein 






Portal vein 


Fig. 4.175 Functioning transjugular intrahepatie portosystemie 
shunt. Venogram. 


(continues) 
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Case 8 (continued) 

This patient's pelvie nerves were damaged. The 
radieal pelvie surgical disseetion damaged the pelvie 
parasympathetie nerve supply neeessary for ereetion of 
the penis. Llnfortonately, this was not well explained to 
the patient, which in some part led to the failure of his 
relationship. With any radieal surgery in the pelvis, the 
nerves that supply the penis or elitoris may be damaged, 
so interfering with sexual function. 

This patient was bleeding from stomal variees. 

As he developed a serious drinking problem, his liver 
beeame eirrhotie and this damaged the normal liver 
architecture. This in turn inereased the blood pressure 
in the portal vein (portal hypertension). 

In patients with portal hypertension small anastomoses 
develop between the veins of the portal system and the 
veins of the systemie circulation. These portosystemie 
anastomoses are usually of little consequence; however, 
at the gastroesophageal jonetion, they lie in a 
submucosal and mucosal position and are subject to 
trauma. Torrential hemorrhage may occurfrom even 
minor trauma, and death may ensue following blood loss. 
These variees require urgent treatment, which includes 
injeeting selerosant substances r banding, and even 
surgical ligation. 

Fortunately, most of the other portosystemie 
anastomoses are of relatively little consequence. In 
patients with eolostomies, small veins may develop 
between the veins of the large bowel (portal system 
drainage) and cutaneous veins on the anterior abdominal 
wall (systemie veins). If these veins beeome enlarged 
because of portal hypertension, they are subject to 


trauma as feees are passed through the eolostomy. 
Torrential hemorrhage may ensue if they are damaged. 

A procedure was earried out to lowerthe portal pressure. 

To reduce the pressure in the portal vein in this patient, 
several surgical procedures were eonsidered. These 
included sewing the side of the portal vein onto the 
inferior vena eava (portaeaval shunt) and sewing the 
splenie vein onto the renal vein (a splenorenal shunt). 
These procedures 7 however, require a large abdominal 
ineision and are extremely complex. As an alternative, it 
was deeided to ereate a transjugular intrahepatie 
portosystemie shunt. 

Creating a transjugular intrahepatie portosystemie 
shunt is a relatively new technique that may be earried 
out under loeal anesthesia. Llsing a right internal jugular 
approaeh, a long needle is plaeed through the internal 
jugular vein, the superior vena eava, and the right atrium, 
into the inferior vena eava. The right hepatie vein is 
cannulated and r with speeial steering wires, a needle is 
passed through the hepatie substance direetly into the 
right braneh of the portal vein. A small balloon is passed 
overthe wire and through the hepatie substance and is 
inflated. After the balloon has been removed, a metallie 
stent (a flexible wire tube) is plaeed aeross this traet in 
the liver to keep it open. Blood now freely flows from the 
portal vein into the right hepatie vein, ereating a 
portosystemie shunt. 

As a result of this procedure, the pressure in this patient's 
portal system is lower and similar to that of the systemie 
venous system, so reducing the potential for bleeding at 
the portosystemie anastomoses (i.e v the eolostomy). 
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Case 9 

CARCINOMA OF THE HEAD OF THE PANOREAS 

A 52-year-old woman visited her family physieian 
with eomplaints of inereasing lethargy and vomiting. 
The physieian examined her and noted that eompared 
to previous visits she had lost signifìeant weight. She 
was also jaundiced, and on examination of the 
abdomen a well-defìned 10-em rounded mass was 
palpable below the liver edge in the right upper 
quadrant (Fig. 4.176). 

The elinieal diagnosis was eareinoma of the head of the 
panereas. 

It is difficult to appreeiate how such a preeise diagnosis 
ean be made elinieally when only three elinieal signs have 
been deseribed. 

The patient's obstruction was in the distal bile duct. 


Tumor 

i 



Fig. 4.176 Tumor in the head of the panereas. Computed 
tomogram in the axial plane. 


When a patient has jaundice 7 the causes are excessive 
breakdown of red blood eells (prehepatie), hepatie failure 
(hepatie jaundice), and posthepatie causes, which include 
obstruction along the length of the biliary tree. 

The patient had a mass in her right upper quadrant that 
was palpable below the liver; this was the gallbladder. 

In healthy individuals 7 the gallbladder is not palpable. An 
expanded gallbladder indieates obstruction either within 
the eystie duct or below the level of the eystie duct 
insertion (i.e v the bile duct). 

The patient's vomiting was related to the position of the 
tumor. 

It is not uncommon for vomiting and weight loss 
(cachexia) to occur in patients with a malignant disease. 
The head of the panereas lies within the curve of the 
duodenum, primarily adjaeent to the deseending part of 
the duodenum. Any tumor mass in the region of the 
head of the panereas is likely to expand and may enease 
and invade the duodenum. Unfortunately, in this 
patient's ease, this happened, producing almost eomplete 
obstruction. Further discussion with the patient revealed 
that she was vomiting relatively undigested food soon 
after eaeh meal. 

ACT sean demonstrated further eomplieations. 

In the region of the head and neek of the panereas are 
complex anatomieal structures, which may be involved 
with a malignant proeess. The CT sean eonfirmed a mass 
in the region of the head of the panereas, which invaded 
the deseending part of the duodenum. The mass 
extended into the neek of the panereas and had bloeked 
the distal part of the bile duct and the panereatie duct. 
Posteriorly the mass had direetly invaded the portal 
venous confluence of the splenie and superior mesenterie 
veins, producing a series of gastrie, splenie, and small 
bowel variees. 

This patient underwent palliative ehemotherapy, but died 
7 months later. 
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Case 10 

CAVAL OBSTRUCTION 

A 62-year-old man eame to the emergeney 
department with swelling of both legs and a large left 
varieoeele (enlarged and engorged varieose veins 
around the left testis and within the left pampiniform 
plexus of veins). 

The patient was known to have a left renal eell 
eareinoma and was due to have this operated on the 
following week. 

Anatomieally it is possible to link all of the findings 
with the renal eell eareinoma by knowing the biology 
of the tumor. 

Renal eell eareinoma tends to grow steadily and 
predietably. Typieally, when the tumor is less than 
3 to 4 em, it remains eonfìned to the kidney. Large 
tumors have the propensity to grow into the renal vein, 
the inferior vena eava and the right atrium and through 
the heart into the pulmonary artery. 

The tumor grew into the renal vein. 

As the tumor grew into the renal vein it bloeked off all 
tributaries draining into the vein, the largest of which is 


the left testicular vein. This bloekage of the left testicular 
vein caused a dilation of the veins around the left testis 
(a varieoeele occurred). 

The swollen legs were accounted for by eaval obstmetion. 

The tumor grew along the renal vein and into the inferior 
vena eava toward the heart. Renal tumors ean grow 
rapidly; in this ease the tumor grew rapidly into the 
inferior vena eava, occluding it. This inereased the 
pressure in the leg veins, resulting in swelling and pitting 
edema of the ankles. 

The patient unfortunately died on the operating table. 

In this patient's ease, a "tongoe" of tumor grew into the 
inferior vena eava. At the time of surgery, the initial 
disseetion mobilized the kidney on its vascular pediele; 
however, a large portion of tumor beeame detaehed in 
the inferior vena eava. The tumor embolus passed 
through the right atrium and right ventriele and occluded 
the pulmonary artery. This could not be eleared at the 
time of surgery, and the patient succumbed. 


Case 11 

DIVERTICULAR DISEASE 

A 65-year-old businessman eame to the emergeney 
department with severe lower abdominal pain that 
was predominantly eentral and left sided. He had pain 
radiating into the left loin, and he also notieed he was 
passing gas and feeal debris as he urinated. 

A CT sean of his abdomen and pelvis was performed 

(Fig.4.177). 

The CT sean demonstrated a eolleetion of fluid (likely a 
pelvie abseess) in the left iliae fossa. Assoeiated with this 
eolleetion of fluid was signifieant bowel wall thiekening of 
the sigmoid eolon and multiple small diverticula arising 
throughout the sigmoid eolon. Gas was present in the 
bladder. An obstmetion was noted in the left ureter and 
the left pelviealyeeal system. 

The patient underwent an urgent operation. 

As the surgeons entered into the abdominal eavity 
through a midline ineision, the tissues in the left iliae 


Sigmoid eolon diverticuli 



Pelvie abseess^ 

Sìgmoid eolon - 


Fig. 4.177 A computed tomogram, in the axial plane, of the 
pelvis demonstrates a loop of sigmoid eolon with numerous 
diverticula and a large abseess in the pelvie eavity. 
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Case 11 (continued) 

fossa were signifieantly inflamed. The surgeon used his 
hand to mobilize the sigmoid eolon and entered a eavity 
from which there was a Vhoosh" of pus as indieated on 
the CT sean. The pus was washed out and drained. The 
sigmoid eolon was remarkably thiekened and inflamed 
and stuck to the dome of the bladder. Careful fìnger 
disseetion revealed a small perforation in the dome of the 
bladder, allowing the passage of feeal material and gas 
into the bladder and producing the patient's symptoms 
of pneumaturia and fecaluria. The sigmoid eolon was 
reseeted. The reetal stump was oversewn and the 
deseending eolon was passed through the anterior 
abdominal wall to form a eolostomy. The bladder was 
eatheterized and the small hole in the dome of the 
bladder was oversewn. 

The patient had a difficult postoperative period in the 
intensive eare unit where he remained pyrexial and 
septie.The eolostomy began to function well. 

An ultrasound was performed and demonstrated the 
continued dilatation in the left kidney, and the patient 
underwent a nephrostomy. 

Llnder ultrasound guidance a drainage eatheter was 
plaeed into the renal pelvis through the renal cortex on 


the left. A signifieant amount of pus was drained from 
the renal traet initially; however, after 24 hours urine 
passed freely. 

The likely cause for the obstmetion was the inflammation 
around the distal ureter on the left. It is also possible that 
a small ureteric perforation occurred, allowing baeteria to 
enter the urinary traet. 

The patient made a further uneventful reeovery with 
resumption of normal renal function and left the hospital. 

On return to the surgeon in the outpatient elinie some 
weeks later, the patient did not wish to continue with his 
eolostomy and bag. Further to diseossion, surgery was 
planned to "rejoin" the patient. 

At operation the eolostomy was "taken down" and the 
reetal stump was identifìed. There was, however, a 
signifieant gap between the bowel ends. To enable the 
bowel to be sutured r the deseending eolon was 
mobilized from the posterior abdominal wall. An 
anastomosis was performed and the patient left the 
hospital 1 week later and currently remains well. 


then be released inside the aorta, effeetively relining it to 
prevent further expansion of the aneurysm. 

Oeeasionally the relined aneurysm may continue to 
enlarge after the endovascular graft has been plaeed and 
a cause needs to be identifìed. 

A Doppler ultrasound investigation of the abdomen and 
a CT sean revealed there was flow between the 
endovascular lining and the wall of the aneurysm. 

The likely sources forthis bleeding were assessed. 


Case 12 

ENDOLEAK AFTER ENDOVASOJLAR REPAIR OF 
ABDOMINAL AORTIC ANELJRYSM 

A 72-year-old man was brought to the emergeney 
department with an abdominal aortie aneurysm (an 
expansion of the infrarenal abdominal aorta). The 
aneurysm measured 10 em, and after discussion with 
the patient it was scheduled for repair. 

The surgical and endovascular treatment options were 
explained to the patient. 

Treatment of abdominal aortie aneurysms has been, for 
many years, an operative procedure where the dilatation 
(ballooning) of the aorta is reseeted and a graft is sewn 
into position. A modern option is to plaee a graft to line 
the aneurysm from within the artery (endovascular 
aneurysm repair). In this technique the surgeon disseets 
the femoral artery and makes a small hole in it. The graft 
is eompressed within a eatheter and the eatheter is 
passed through the femoral artery and the iliae arterial 
system into the distal abdominal aorta. The graft ean 


The graft usually begins below the level of the renal 
arteries and divides into two limbs that end in the 
eommon iliae arteries. The aneurysm may continue to be 
fed from any vessels between the graft and the aneurysm 
wall. These vessels ean include the lumbar arteries and 
the inferior mesenterie artery. Interestingly, blood usually 
flows from the abdominal aorta into the inferior 
mesenterie artery and the lumbar arteries; however, with 
the ehanges in flow dynamies with the graft in plaee, 

(continues) 
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Case 12 (continued) 

blood may flow in the opposite direetion through these 
branehes, thereby leading to enlargement of the 
aneurysm. 

Blood flow was from the superior mesenterie artery into 
the aneurysm sae 

Above the level of the graft the superior mesenterie 
artery arises normally. From the right eolie and middle 
eolie branehes a marginal braneh around the eolon 
anastomoses, in the region of the splenie fìexure, with 
marginal branehes from the inferior mesenterie artery 


(this ean beeome a hypertrophied vessel known as the 
marginal artery of Dmmmond). In this situation, blood 
passed retrogradely into the inferior mesenterie artery, 
filling the aneurysm and allowing it to remain 
pressurized and expand. 

The inferior mesenterie artery was ligated 
laparoseopieally and the aneurysm failed to expand 
further. Over the ensuing 6 months the aneurysm 
eontraeted. The patient remains fit and healthy, with 
two small sears in the groin. 



METASTATIC LESIONS IN THE LIVER 

A 44-year-old woman had been reeently diagnosed 
with melanoma on the toe and underwent a series 
of investigations. 

Melanoma (properly ealled malignant melanoma) ean be 
an aggressive form of skin eaneer that spreads to lymph 
nodes and multiple other organs throughout the body. 
The malignant potential is dependent upon its cellular 
configuration and also the depth of its penetration 
through the skin. 

The patient developed malignant melanoma in the foot, 
which spread to the lymph nodes of the groin. The 
inguinal lymph nodes were reseeted; however, it was 
noted on follow-up imaging that the patient had 
developed two metastatie lesions within the right lobe 
of the liver. 

Surgeons and physieians eonsidered the possibility of 
removing these lesions. 

A CT sean was performed that demonstrated the lesions 
within segments V and VI of the liver (Fig. 4.178). 

The segmental anatomy of the liver is important because 
it enables the surgical planning for reseetion. 

The surgery was undertaken and involved identifying 
the portal vein and the confluence of the right and left 
hepatie ducts. The liver was divided in the imaginary 
prineipal plane of the middle hepatie vein. The main 
hepatie duct and biliary radieals were ligated and the 
right liver was successfully reseeted. 

The segments remaining included the left lobe of 
the liver. 


The patient underwent a surgical reseetion of segments 
V, VI, VII, and VIII. The remaining segments included IVa, 
IVb, I, II, and III. It is important to remember that the lobes 
of the liver do not eorrelate with the hepatie volume. The 
left lobe of the liver eontains only segments II and III. The 
right lobe of the liver eontains segments IV, V, VI, VII, and 
VIII. Henee, eross-seetional imaging is important when 
planning surgical segmental reseetion. 



Hepatie metastasis 


-Middle hepatìe vein 


Fig. 4.178 This posteontrast computed tomogram, in the axial 
plane, demonstrates two metastases situated within the right 
lobe of the liver. The left lobe of the liver is elear. The larger 
of the two metastases is situated to the right of the middle 
hepatie vein, which lies in the prineipal plane of the liver 
dividing the left and right sides of the liver. 
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Conceptual overview 

GENERAL DESCRIPTION 


The pelvis and perineum are interrelated regions assoei- 
ated with the pelvie bones and terminal parts of the verte- 
bral column. The pelvis is divided into two regions: 

The superior region related to upper parts of the pelvie 
bones and lower lumbar vertebrae is the false pelvis 
(greater pelvis) and is generally eonsidered part of the 
abdomen (Fig. 5.1). 

The true pelvis (lesser pelvis) is related to the inferior 
parts of the pelvie bones, saemm, and coccyx, and has 
an inlet and an outlet. 

The bowl-shaped pelvie eavity enelosed by the true 
pelvis eonsists of the pelvie inlet, walls, and floor. This 
eavity is continuous superiorly with the abdominal eavity 



Anterior superior 

iliae spine 

False 
(greater) pelvis 

Anal aperture 

Penis 



Vertebral 

column 


Perineum 


Pelvie eavity 


- Sacrum 


True 
(lesser) 
pelvis 

Coccyx 


and eontains elements of the urinary, gastrointestinal, and 
reproductive systems. 

The perineum (Fig. 5.1) is inferior to the floor of the 
pelvie eavity; its boundaries form the pelvie outlet. The 
perineum eontains the external genitalia and external 
openings of the genitourinary and gastrointestinal systems. 

FUNCTIONS 

Contains and supports the bladder, rectum, 
anal eanal, and reproductive traets 

Within the pelvie eavity, the bladder is positioned anteri- 
orly and the rectum posteriorly in the midline. 

As it fìlls, the bladder expands superiorly into the 
abdomen. It is supported by adjaeent elements of the pelvie 
bone and by the pelvie floor. The urethra passes through 
the pelvie floor to the perineum, where, in women, it opens 
externally (Fig. 5.2A) and in men it enters the base of the 
penis (Fig. 5.2B). 

Continuous with the sigmoid eolon at the level of verte- 
bra SIII, the rectum terminates at the anal eanal, which 
penetrates the pelvie floor to open into the perineum. The 
anal eanal is angled posteriorly on the rectum. This flexure 
is maintained by muscles of the pelvie floor and is relaxed 
during defeeation. A skeletal imisele sphineter is assoeiated 
with the anal eanal and the urethra as eaeh passes through 
the pelvie floor. 

The pelvie eavity eontains most of the reproductive traet 
in women and part of the reproductive traet in men. 

■ In women, the vagina penetrates the pelvie floor and 
eonneets with the uterus in the pelvie eavity. The uterus 
is positioned between the rectum and the bladder. A 
uterine (fallopian) tube extends laterally on eaeh side 
toward the pelvie wall to open near the ovary. 

In men, the pelvie eavity eontains the site of eonneetion 
between the urinary and reproductive traets. It also eon- 
tains major glands assoeiated with the reproductive 
system—the prostate and two seminal vesieles. 


Fig.5.1 Pelvis and perineiim. 
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Pelvis and Perineiim 
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Fig. 5.2 The pelvis and perineum eontain and support terminal parts of the gastrointestinal, urinary, and reproductive systems. A. In vvomen. 
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Anehors the roots of the external genitalia 

In both genders, the roots of the external genitalia, the 
elitoris and the penis, are fìrmly anehored to: 


the bony margin of the anterior half of the pelvie outlet, 
and 


a thiek, fibrous, perineal membrane, which fills the area 

(Fig. 5.3). 


The roots of the external genitalia eonsist of ereetile 
(vascular) tissues and assoeiated skeletal muscles. 


Obturator foramen 


Obturator foramen 


Glans of elitoris 


Body of elitoris 



tuberosity 


Vaginal orifíee 


Urethral orifiee 


Roots of external genitalia 


Perineal membrane 


A 


Body of penis 



isehial tuberosity 


Root of penis 


Glans of penis 


Perineal membrane 


B 


Opening of urethra 


Fig. 5.3 The perineum eontains and anehors the roots of the external genitalia. A. In vvomen. B. In men. 
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Pelvis and Perineiim 



COMPONENT PARTS 
Pelvie inlet 

The pelvie inlet is somewhat heart shaped and eompletely 
ringed by bone (Fig. 5.4). Posteriorly, the inlet is bordered 
by the body of vertebra SI, which projeets into the inlet as 
the saeral promontory. On eaeh side of this vertebra, 
wing-like transverse proeesses ealled the alae (wings) 
contribute to the margin of the pelvie inlet. Laterally, a 
prominent rim on the pelvie bone continues the boundary 
of the inlet forward to the pubic symphysis, where the two 
pelvie bones are joined in the midline. 

Structures pass between the pelvie eavity and the 
abdomen through the pelvie inlet. 

During ehildbirth, the fetus passes through the pelvie 
inlet from the abdomen, into which the uterus has 
expanded during pregnaney, and then passes through the 
pelvie outlet. 


Pelvie walls 

The walls of the tme pelvis eonsist predominantly of bone, 
muscle, and ligaments, with the sacrum, coccyx, and infe- 
rior half of the pelvie bones forming much of them. 

Two ligaments—the sacrospinous and the sacrotu- 
berous ligaments—are important architectural elements 
of the walls because they link eaeh pelvie bone to the 
saeram and coccyx (Fig. 5.5A). These ligaments also 
eonvert two notehes on the pelvie bones—the greater and 
lesser seiatie notehes—into foramina on the lateral 
pelvie walls. 

Completing the walls are the obturator internus and 
piriformis muscles (Fig. 5.5B), which arise in the pelvis 
and exit through the seiatie foramina to aet on the hip 
joint. 




Pelvie iníet 
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Fig. 5.4 Pelvie inlet. 
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Anterior superior 

iliae spine 


Margin of peìvìe inlet 


Lesser seiatie foramen 


A 



Pubic tubercle 


Obturator foramen 


Greater seiatie foramen 


Saerospinoiis ligament 


Sacrotuberous ligament 


isehial tuberosity 



Margin of pelvie inlet 



Piriformis muscle 


Obturator ìnternus muscle 


Fig. 5.5 Pelvie walls. A. Bones and ligaments of the pelvie walls. B. Muscles of the pelvie walls. 
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Pelvie outlet 

The diamond-shaped pelvie outlet is formed by both bone 
and ligaments (Fig. 5.6). It is limited anteriorly in the 
midline by the pubic symphysis. 

On eaeh side, the inferior margin of the pelvie bone 
projeets posteriorly and laterally from the pubic symphysis 


to end in a prominent tuberosity, the isehial tuberosity. 
Together, these elements construct the pubic areh, which 
forms the margin of the anterior half of the pelvie outlet. 
The sacrotuberous ligament continues this margin poste- 
riorly from the isehial tuberosity to the coccyx and saemm. 
The pubic symphysis, isehial tuberosities, and coccyx ean 
all be palpated. 


Pubic symphysis 


Pubic tubercle 
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Obturator foramen 
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Fig. 5.6 Pelvie outlet. 
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Pelvie floor 

The pelvie floor, which separates the pelvie eavity from the 
perineum, is formed by muscles and faseia (Fig. 5.7). 

Two levator ani muscles attaeh peripherally to the 
pelvie walls and join eaeh other at the midline by a eonnee- 
tive tissue raphe. Together they are the largest eomponents 
of the bowl- or funnel-shaped structure known as the 
pelvie diaphragm, which is eompleted posteriorly by 
the coccygeus muscles. These latter muscles overlie the 
sacrospinous ligaments and pass between the margins of 
the sacrum and the coccyx and a prominent spine on the 
pelvie bone, the isehial spine. 

The pelvie diaphragm forms most of the pelvie f loor and 
in its anterior regions eontains a U-shaped defeet, which is 
assoeiated with elements of the urogenital system. 

The anal eanal passes from the pelvis to the perineum 
through a posterior circular orifìee in the pel vie diaphragm. 
The pelvie floor is supported anteriorly by: 

■ the perineal membrane, and 

■ muscles in the deep perineal pouch. 

The perineal membrane is a thiek, triangular faseial 
sheet that fìlls the spaee between the arms of the pubic 


areh, and has a free posterior border (Fig. 5.7). The deep 
perineal pouch is a narrow region superior to the perineal 
membrane. 

The margins of the U-shaped defeet in the pelvie dia- 
phragm merge into the walls of the assoeiated viseera and 
with muscles in the deep perineal pouch below. 

The vagina and the urethra penetrate the pelvie floor to 
pass from the pelvie eavity to the perineum. 

Pelvie eavity 

The pelvie eavity is lined by peritoneum continuous with 
the peritoneum of the abdominal eavity that drapes 
over the superior aspeets of the pelvie viseera, but in most 
regions, does not reaeh the pelvie floor (Fig. 5.8A). 

The pelvie viseera are loeated in the midline of the pelvie 
eavity. The bladder is anterior and the rectum is posterior. 
In women, the uterus lies between the bladder and rectum 
(Fig. 5.8B). Other structures, such as vessels and nerves, lie 
deep to the peritonemn in assoeiation with the pelvie walls 
and on either side of the pelvie viseera. 
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Fig. 5.7 Pelvie floor. 
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Pelvie eavity lined 
by peritoneum 




Levator ani 


Perineal membrane 
and deep perineal pouch 




Peritoneum 


Uterus 


Internal iliae artery 
(artery of pelvís) 


Aorta 


Fig. 5.8 Pelvie eavity and peritoneum. A. In men (sagittal seetion). B. In women (anterior view). 


Perineum 

The perineum lies inferior to the pelvie floor between 
the lower limbs (Fig. 5.9). Its margin is formed by the 
pelvie outlet. An imaginary line between the isehial 
tuberosities divides the perineum into two triangular 
regions. 


■ Anteriorly, the urogenital triangle eontains the roots 
of the external genitalia and, in women, the openings 
of the urethra and the vagina (Fig. 5.9A). In men, the 
distal part of the urethra is enelosed by ereetile tissues 
and opens at the end of the penis (Fig. 5.9B). 
Posteriorly, the anal triangle eontains the anal 
aperture. 
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Fig. 5.9 Perineum. A. In women. B. In men. 
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RELATIONSHIP TO OTHER REGIONS 
Abdomen 

The eavity of the true pelvis is continuous with the abdom- 
inal eavity at the pelvie inlet (Fig. 5.10A). All structures 
passing between the pelvie eavity and abdomen, inehiding 
major vessels, nerves, and lymphaties, as well as the 


sigmoid eolon and ureters, pass via the inlet. In men, the 
ductus deferens on eaeh side passes through the anterior 
abdominal wall and over the inlet to enter the pelvie eavity. 
In women, ovarian vessels, nerves, and lymphaties pass 
through the inlet to reaeh the ovaries, which lie on eaeh 
side just inferior to the pelvie inlet. 


Greater seiatie foramen - 


Lesser seiatie foramen 



Lower limb 




Fig. 5.10 Areas of communication between the true pelvis and other regions. A. Between the true pelvis, abdomen, and lower limb. 
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Lower limb 

Three apertures in the pelvie wall communicate with the 
lower limb (Fig. 5.10A): 

■ the obturator eanal, 

the greater seiatie foramen, and 

■ the lesser seiatie foramen. 

The obturator eanal forms a passageway between the 
pelvie eavity and the adductor region of the thigh, and is 


formed in the superior aspeet of the obturator foramen, 
between bone, a eonneetive tissue membrane, and muscles 
that fìll the foramen. 

The lesser seiatie foramen, which lies inferior to the 
pelvie floor, provides communication between the gluteal 
region and the perineum (Fig. 5.10B). 

The pelvie eavity also communicates direetly with the 
perineum through a small gap between the pubic symphy- 
sis and the perineal membrane (Fig. 5.10B). 


Gap between pubic symphysis and perineal membrane 
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Fig. 5.10, eont'd B. Betvveen the perineum and other regions 
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KEYFEATURES 

The pelvie eavity projeets posteriorly 

In the anatomieal position, the anterior superior iliae 
spines and the superior edge of the pubic symphysis lie in 
the same vertieal plane (Fig. 5.11). Consequently, the 
pelvie inlet is angled 50°-60° forward relative to the 


horizontal plane, and the pelvie eavity projeets posteriorly 
from the abdominal eavity. 

Meanwhile, the urogenital part of the pelvie outlet (the 
pubic areh) is oriented in a nearly horizontal plane, 
whereas the posterior part of the outlet is positioned more 
vertieally. The urogenital triangle of the perineum there- 
fore faees inferiorly, while the anal triangle faees more 
posteriorly. 
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Fig. 5.11 Orientation of the pelvis and pelvie eavity in the anatomieal position. 
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Important structures eross the ureters in the 
peívie eavity 

The ureters drain the kidneys, course down the posterior 
abdominal wall, and eross the pelvie inlet to enter the pelvie 
eavity. They continue inferiorly along the lateral pelvie wall 
and ultimately eonneet with the base of the bladder. 


An important structure erosses the ureters in the pelvie 
eavity in both men and women—in women, the uterine 
artery erosses the ureter lateral to the cervix of the uterus 
(Fig. 5.12A), and in men, the ductus deferens erosses over 
the ureter just posterior to the bladder (Fig. 5.12B). 


Internal iiiae artery 

IJreter 

Líteríne artery 

Pelvie brim 
(pelvie inlet) 
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Fig. 5.12 Structures that eross the ureters in the pelvie eavity. A. In vvomen. B. In men. 
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The prostate in men and the uterus in 
vvomen are anterior to the rectum 

In men, the prostate gland is situated immediately ante- 
rior to the rectum, just above the pelvie floor (Fig. 5.13). 
It ean be felt by digital palpation during a reetal 
examination. 

In both sexes, the anal eanal and the lower rectum also 
ean be evahiated during a reetal examination by a elini- 
eian. In women, the cervix and lower part of the body of 
the uterus also are palpable. However, these structures 
ean more easily be palpated with a bimanual examination 
where the index and middle fingers of a elinieian’s hand 
are plaeed in the vagina and the other hand is plaeed on 
the lower anterior abdominal wall. The organs are felt 
between the two hands. This bimanual technique ean also 
be used to examine the ovaries and uterine tubes. 



Prostate Rectum 


The perineiim is innervated by saeral spinal 
eord segments 

Dermatomes of the perineum in both men and women are 
from spinal eord levels S3 to S5, except for the anterior 
regions, which tend to be innervated by spinal eord 
level L1 by nerves assoeiated with the abdominal wall 
(Fig. 5.14). Dermatomes of L2 to S2 are predominantly in 
the lower limb. 

Most of the skeletal muscles eontained in the perineum 
and the pelvie floor, including the external anal sphineter 
and external urethral sphineter, are innervated by spinal 
eord levels S2 to S4. 

Much of the somatie motor and sensory innervation of 
the perinemn is provided by the pudendal nerve from spinal 
eord levels S2 to S4. 




Fig. 5.14 Dermatomes of the perineum. A. In women. B. In men. 


Fig. 5.13 Position of the prostate gland. 
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Nerves are related to bone 

The pudendal nerve is the major nerve of the perineiim 
and is direetly assoeiated with the isehial spine of the pelvis 
(Fig. 5.15). On eaeh side of the body, these spines and the 
attaehed sacrospinous ligaments separate the greater 
seiatie foramina from the lesser seiatie foramina on the 
lateral pelvie wall. 


The pudendal nerve leaves the pelvie eavity through the 
greater seiatie foramen and then immediately enters the 
perineum inferiorly to the pelvie floor by passing around 
the isehial spine and through the lesser seiatie foramen 
(Fig. 5.15). The isehial spine ean be palpated transvagi- 
nally in women and is the landmark for administering a 
pudendal nerve bloek. 



Fig. 5.15 Pudendal nerve. 
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Parasympathetie innervation from spinal 
eord levels S2 to S4 eontrols ereetion 

The parasympathetie innervation from spinal eord levels 
S2 to S4 eontrols genital ereetion in both women and men 
(Fig. 5.16). On eaeh side, preganglionie parasympathetie 
nerves leave the anterior rami of the saeral spinal nerves 
and enter the inf erior hypogastrie plexus (pelvie plexus) 
on the lateral pelvie wall. 


The two inferior hypogastrie plexuses are inferior exten- 
sions of the abdominal prevertebral plexus that forms 
on the posterior abdominal wall in assoeiation with the 
abdominal aorta. Nerves derived from these plexuses pen- 
etrate the pelvie floor to innervate the ereetile tissues of the 
elitoris in women and the penis in men. 
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Fig. 5.16 Pelvie splanehnie nerves from spinal levels S2 to S4 eontrol ereetion. 
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Musdes and faseia of the pelvie floor and 
perineum interseet at the perineal body 

Structures of the pelvie floor interseet with structures in 
the perineum at the perineal body (Fig. 5.17). This poorly 
defìned fìbromuscular node lies at the eenter of the 
perineum, approximately midway between the two isehial 
tuberosities. Converging at the perineal body are: 


the levator ani muscles of the pelvie diaphragm, and 
■ muscles in the urogenital and anal triangles of the 
perineum, including the skeletal muscle sphineters 
assoeiated with the urethra, vagina, and anus. 


Bulbospongiosus muscle 
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Fig. 5.17 Perineal body. 
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The course of the urethra is different in men 
and vvomen 

In women, the urethra is short and passes inferiorly from 
the bladder through the pelvie floor and opens direetly into 
the perineum (Fig. 5.18A). 

In men the urethra passes through the prostate before 
coursing through the deep perineal pouch and perineal 
membrane and then beeomes enelosed within the ereetile 
tissues of the penis before opening at the end of the penis 
(Fig. 5.18B). The penile part of the male urethra has two 
angles: 


The more important of these is a fìxed angle where the 
urethra bends anteriorly in the root of the penis after 
passing through the perineal membrane. 

Another angle occurs distally where the unattached 
part of the penis curves inferiorly—when the penis is 
ereet, this seeond angle disappears. 

It is important to eonsider the different courses of 
the urethra in men and women when eatheterizing 
patients and when evaluating perineal injuries and pelvie 
pathology. 



Fig. 5.18 Course of the urethra. A. In vvomen. B. In men. 
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Regional anatomy 

The pelvis is the region of the body surrounded by the 
pelvie bones and the inferior elements of the vertebral 
column. It is divided into two major regions: the superior 
region is the false (greater) pelvis and is part of the abdomi- 
nal eavity; the inferior region is the true (lesser) pelvis, 
which eneloses the pelvie eavity. 

The bowl-shaped pelvie eavity is continuous above with 
the abdominal eavity. The rim of the pelvie eavity (the 
pelvie inlet) is eompletely eneireled by bone. The pelvie 
floor is a fibromuscular structure separating the pelvie 
eavity above from the perineum below. 

The perineum is inferior to the pelvie floor and its margin 
is formed by the pelvie outlet. The perineum eontains: 

■ the terminal openings of the gastrointestinal and 
urinary systems, 

■ the external opening of the reproductive traet, and 
the roots of the external genitalia. 


PELVIS 

Bones 

The bones of the pelvis eonsist of the right and left pelvie 
(hip) bones, the sacrum, and the coccyx. The sacrum artie- 
ulates superiorly with vertebra LV at the himbosaeral joint. 
The pelvie bones articulate posteriorly with the saemrn at 
the saero-iliae joints and with eaeh other anteriorly at the 
pubic symphysis. 

Pelvie bone 

The pelvie bone is irregular in shape and has two major 
parts separated by an oblique line on the medial surface of 
the bone (Fig. 5.19A): 


The pelvie bone above this line represents the lateral 
wall of the false pelvis, which is part of the abdominal 
eavity. 

■ The pelvie bone below this line represents the lateral 
wall of the true pelvis, which eontains the pelvie eavity. 

The linea terminalis is the lower two-thirds of this line 
and contributes to the margin of the pelvie inlet. 

The lateral surface of the pelvie bone has a large articu- 
lar soeket, the aeetabiiliim, which, together with the head 
of the femur, forms the hip joint (Fig. 5.19B). 

Inferior to the acetabulum is the large obturator 
foramen, most of which is elosed by a flat eonneetive 
tissue membrane, the obturator membrane. A small 
obturator eanal remains open superiorly between the 
membrane and adjaeent bone, providing a route of eom- 
munication between the lower limb and the pelvie eavity. 

The posterior margin of the bone is marked by two 
notehes separated by the isehial spine: 

the greater seiatie noteh, and 
the lesser seiatie noteh. 

The posterior margin terminates inferiorly as the large 

isehial tuberosity. 

The irregular anterior margin of the pelvie bone is 
marked by the anterior superior iliae spine, the ante- 
rior inferior iliae spine, and the pubic tubercle. 
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Fig. 5.19 Right pelvie bone. A. Medial view. B. Lateral view. 
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Components of the pelvie bone 

Eaeh pelvie bone is formed by three elements: the ilium, 
pubis, and ischium. At birth, these bones are eonneeted by 
eartilage in the area of the acetabulum; later, at between 
16 and 18 years of age, they fuse into a single bone 

(Fig. 5.20). 

Ilium 

Of the three eomponents of the pelvie bone, the ilium is 
the most superior in position. 

The ilium is separated into upper and lower parts by a 
ridge on the medial surface (Fig. 5.21A). 

■ Posteriorly, the ridge is sharp and lies immediately supe- 
rior to the surface of the bone that articulates with the 
saemm. This saeral surface has a large L-shaped faeet 
for articulating with the sacrum and an expanded, pos- 
terior roughened area for the attaehment of the strong 
ligaments that support the saero-iliae joint (Fig. 5.21). 
Anteriorly, the ridge separating the upper and lower 
parts of the ilium is rounded and termed the arcuate 
line. 



Fig. 5.20 llium, ischium, and pubis. 
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Fig. 5.21 Components of the pelvie bone. A. Medial surface. B. Lateral surface. 


443 






































Pelvis and Perineum 



The arcuate line forms part of the linea terminalis and 
the pelvie brim. 

The portion of the ilium lying inferiorly to the arcuate 
line is the pelvie part of the ilium and contributes to the 
wall of the lesser or true pelvis. 

The upper part of the ilium expands to form a flat, fan- 
shaped u wing,” which provides bony support for the lower 
abdomen, or false pelvis. This part of the ilium provides 
attaehment for muscles functionally assoeiated with the 
lower limb. The anteromedial surface of the wing is eoneave 
and forms the iliae fossa. The external (gluteal) surface of 
the wing is marked by lines and roughenings and is related 
to the ghiteal region of the lower limb (Fig. 5.21B). 

The entire superior margin of the ilium is thiekened to 
form a prominent erest (the iliae erest), which is the site 
of attaehment for muscles and faseia of the abdomen, 
baek, and lower limb and terminates anteriorly as the 
anterior superior iliae spine and posteriorly as the pos- 
terior superior iliae spine. 

A prominent tubercle, the tuberculum of the iliae 
erest, projeets laterally near the anterior end of the erest; 
the posterior end of the erest thiekens to form the iliae 
tuberosity. 

Inferior to the anterior superior iliae spine of the erest, 
on the anterior margin of the ilium, is a rounded protuber- 
anee ealled the anterior inferior iliae spine. This struc- 
ture serves as the point of attaehment for the rectus femoris 
muscle of the anterior eompartment of the thigh and the 
iliofemoral ligament assoeiated with the hip joint. A less 
prominent posterior inferior iliae spine occurs along 
the posterior border of the saeral surface of the ilium, 
where the bone angles forward to form the superior margin 
of the greater seiatie noteh. 


In the elinie 

Bone marrow biopsy 

In eertain diseases (e.g v leukemia) 7 a sample of bone 
marrow must be obtained to assess the stage and 
severity of the problem. The iliae erest is often used for 
such bone marrow biopsies. The iliae erest lies elose to 
the surface and is easily palpated. 

A bone marrow biopsy is performed by injeeting 
anesthetie in the skin and passing a cutting needle 
through the eortieal bone of the iliae erest. The 
bone marrow is aspirated and viewed under a 
mieroseope. Samples of eortieal bone ean also be 
obtained in this way to provide information about 
bone metabolism. 


Pubis 

The anterior and inferior part of the pelvie bone is the 
pnbis (Fig. 5.21). It has a body and two arms (rami). 

The body is flattened dorsoventrally and articulates 
with the body of the pubic bone on the other side at the 
pubic symphysis. The body has a rounded pubic erest 
on its superior surface that ends laterally as the promi- 
nent pubic tubercle. 

The superior pubic ramus projeets posterolaterally 
from the body and joins with the ilium and ischium at 
its base, which is positioned toward the acetabulum. The 
sharp superior margin of this triangular surface is 
termed the peeten pubis (peetineal line), which 
forms part of the linea terminalis of the pelvie bone and 
the pelvie inlet. Anteriorly, this line is continuous with 
the pubic erest, which also is part of the linea termi- 
nalis and pelvie inlet. The superior pubic ramus is 
marked on its inferior surface by the obturator groove, 
which forms the upper margin of the obturator eanal. 
The inferior ramus projeets laterally and inferiorly to 
join with the ramus of the ischium. 

Ischium 

The ischium is the posterior and inferior part of the pelvie 
bone (Fig. 5.21). It has: 

a large body that projeets superiorly to join with the 
ilium and the superior ramus of the pubis, and 
a ramus that projeets anteriorly to join with the inferior 
ramus of the pubis. 

The posterior margin of the bone is marked by a promi- 
nent isehial spine that separates the lesser seiatie noteh, 
below, from the greater seiatie noteh, above. 

The most prominent feature of the ischium is a large 
tuberosity (the isehial tuberosity) on the posteroinferior 
aspeet of the bone. This tuberosity is an important site for 
the attaehment of lower limb muscles and for supporting 
the body when sitting. 

Sacrum 

The saemrn, which has the appearanee of an inverted tri- 
angle, is formed by the fusion of the five saeral vertebrae 
(Fig. 5.22). The base of the saemrn articulates with verte- 
bra LV, and its apex articulates with the coccyx. Eaeh of the 
lateral surfaces of the bone bears a large L-shaped faeet for 
articulation with the ilium of the pelvie bone. Posterior to 
the faeet is a large roughened area for the attaehment of 
ligaments that support the saero-iliae joint. The superior 
surface of the saemm is eharaeterized by the superior 
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Fig. 5.22 Sacrum and coccyx. A. Anterior view. B. Posterior view. C. Lateral view. 


aspeet of the body of vertebra SI and is flanked on eaeh side 
by an expanded wing-like transverse proeess termed the 
ala. The anterior edge of the vertebral body projeets 
forward as the promontory. The anterior surface of the 
saemm is eoneave; the posterior surface is convex. Because 
the transverse proeesses of adjaeent saeral vertebrae fuse 
lateral to the position of the intervertebral foramina and 
lateral to the bifurcation of spinal nerves into posterior and 
anterior rami, the posterior and anterior rami of spinal 
nerves S1 to S4 emerge from the saemm through separate 
foramina. There are four pairs of anterior saeral foram- 
ina on the anterior surface of the sacrum for anterior rami, 
and four pairs of posterior saeral foramina on the pos- 
terior surface for the posterior rami. The saeral eanal is a 
continuation of the vertebral eanal that terminates as the 
saeral hiatus. 


Coccyx 

The small terminal part of the vertebral column is the 
coccyx, which eonsists of four fused eoeeygeal vertebrae 
(Fig. 5.22) and, like the saemm, has the shape of an 
inverted triangle. The base of the coccyx is direeted supe- 
riorly. The superior surface bears a faeet for articulation 
with the saemm and two horns, or cornua, one on eaeh 
side, that projeet upward to articulate or fuse with similar 
downward-projecting cornua from the sacrum. These pro- 
eesses are modified superior and inferior articular pro- 
eesses that are present on other vertebrae. Eaeh lateral 
surface of the coccyx has a small mdimentary transverse 
proeess, extending from the first eoeeygeal vertebra. Verte- 
bral arehes are absent from eoeeygeal vertebrae; therefore 
no bony vertebral eanal is present in the coccyx. 
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ln the elinie 

Pelvie fracture 

The pelvis ean be viewed as a series of anatomieal rings. 
There are three bony rings and four fibro-osseous rings. 
The major bony pelvie ring eonsists of parts of the 
saemm, ilium, and pubis, which forms the pelvie inlet. 
Two smaller subsidiary rings are the obturator foramina. 
The greater and lesser seiatie foramina formed by the 
greater and lesser seiatie notehes and the sacrospinous 
and sacrotuberous ligaments form the four fibro- 
osseous rings. The rings, which are predominantly bony 
(i.e v the pelvie inlet and the obturator foramina), are 
brittle rings. It is not possible to break one side of the 
ring without breaking the other side of the ring r which 
in elinieal terms means that if a fracture is demonstrated 
on one side, a seeond fracture should always be 
suspected. 

Fractures of the pelvis may occur in isolation; 
however 7 they usually occur in trauma patients and 
warrant speeial mention. 

Owing to the large bony surfaces of the pelvis, a 
fracture produces an area of bone that ean bleed 
signifieantly. A large hematoma may be produced r which 
ean eompress organs such as the bladder and the ureters. 
This blood loss may occur rapidly, reducing the 
circulating blood volume and r unless this is replaeed, the 
patient will beeome hypovolemie and shoek will develop. 

Pelvie fractures may also disrupt the eontents of the 
pelvis, leading to urethral dismption, potential bowel 
rupture, and nerve damage. 


Joints 

Lumbosacral joints 

The sacrum articulates superiorly with the lumbar part of 
the vertebral column. The lumbosacral joints are formed 
between vertebra LV and the saemrn and eonsist of: 

the two zygapophysial joints, which occur between 
adjaeent inferior and superior articular proeesses, and 
an intervertebral dise that joins the bodies of vertebrae 
LVand SI (Fig. 5.23A). 

These joints are similar to those between other verte- 
brae, with the exception that the saeram is angled posteri- 
orly on vertebra LV. As a result, the anterior part of the 
intervertebral dise between the two bones is thieker than 
the posterior part. 

The lumbosacral joints are reinforeed by strong iliolum- 
bar and lumbosacral ligaments that extend from the 
expanded transverse proeesses of vertebra LV to the ilium 
and the saeram, respeetively (Fig. 5.23B). 

Saero-iliae joints 

The saero-iliae joints transmit forees from the lower limbs 
to the vertebral column. They are synovial joints between 
the L-shaped articular faeets on the lateral surfaces of the 
saeram and similar faeets on the iliae parts of the pelvie 
bones (Fig. 5.24A). The joint surfaces have an irregular 
contour and interloek to resist movement. The joints often 
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Fig. 5.23 Lumbosacral joints and assoeiated ligaments. A. Lateral view. B. Anterior view. 
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Fig. 5.24 Saero-iliae joints and assoeiated ligaments. A. Lateral view. B. Anterior view. C. Posterior view. 


beeome fibrous with age and may beeome eompletely 
ossified. 

Eaeh saero-iliae joint is stabilized by three ligaments: 

■ the anterior saero-iliae ligament, which is a thieken- 
ing of the fibrous membrane of the joint capsule and 
runs anteriorly and inferiorly to the joint (Fig. 5.24B); 

■ the interosseous saero-iliae ligament, which is 
the largest, strongest ligament of the three, and is 


positioned immediately posterosuperior to the joint and 
attaehes to adjaeent expansive roughened areas on the 
ilium and sacrum, thereby filling the gap between the 
two bones (Fig. 5.24A,C); and 

the posterior saero-iliae ligament, which eovers the 
interosseous saero-iliae ligament (Fig. 5.24C). 
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Pubic symphysis joint 

The pubic symphysis lies anteriorly between the adjaeent 
surfaces of the pubic bones (Fig. 5.25). Eaeh of the joint’s 
surfaces is eovered by hyaline eartilage and is linked aeross 
the midline to adjaeent surfaces by fibroeartilage. The joint 
is surrounded by interwoven layers of eollagen fibers and 
the two major ligaments assoeiated with it are: 

the superior pubic ligament, loeated above the 
joint, and 

the inferior pubic ligament, loeated below it. 


In the elinie 

Common problems with the saero-iliae joints 

The saero-iliae joints have both fibrous and synovial 
eomponents, and as with many weight-bearing joints, 
degenerative ehanges may occur and cause pain and 
diseomfort in the saero-iliae region. In addition, 
disorders assoeiated with the major histoeompatibility 
complex antigen HLA-B27, such as rheumatoid arthritis, 
psoriasis, and inflammatory bowel disease, ean produce 
speeifie inflammatory ehanges within these joints. 


Orientation 

In the anatomieal position, the pelvis is oriented so that the 
front edge of the top of the pubic symphysis and the 
anterior superior iliae spines lie in the same vertieal plane 
(Fig. 5.26). As a consequence, thepelvieinlet, whichmarks 
the entranee to the pelvie eavity, is tilted to faee anteriorly, 
and the bodies of the pubic bones and the pubic areh are 
positioned in a nearly horizontal plane faeing the ground. 

Differenees betvveen men and women 

The pelvises of women andmen differ in a number of ways, 
many of which have to do with the passing of a baby 
through a woman’s pelvie eavity during ehildbirth. 

■ The pelvie inlet in women is circular (Fig. 5.2 7A) eom- 
paredwith the heart-shaped pelvieinlet (Fig. 5.27B) in 
men. The more circular shape is partly caused by the 
less distinet promontory and broader alae in women. 
The angle formed by the two arms of the pubic areh 
is larger in women (80°-85°) than it is in men 

(50°-60°). 

The isehial spines generally do not projeet as far medi- 
ally into the pelvie eavity in women as they do in men. 
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Fig. 5.25 Pubic symphysis and assoeiated ligaments. 
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Fig.5.26 Orientation of the pelvis (anatomieal position). 
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Fig. 5.27 Structure of the bony pelvis. A. In women. B. In men. The angle formed by the pubic areh ean be approximated by the angle 
between the thumb and index finger for women and the angle between the index finger and middle finger for men as shown in the insets. 


True pelvis 

The true pelvis is eylindrieal and has an inlet, a wall, and 
an outlet. The inlet is open, whereas the pelvie floor eloses 
the outlet and separates the pelvie eavity, above, from the 
perineum, below. 

Pelvie inlet 

The pelvie inlet is the circular opening between the abdom- 
inal eavity and the pelvie eavity through which structures 
traverse between the abdomen and pelvie eavity. It is eom- 
pletely surrounded by bones and joints (Fig. 5.28). The 
promontory of the saemm protrudes into the inlet, forming 
its posterior margin in the midline. On either side of the 
promontory, the margin is formed by the alae of the 
saemrn. The margin of the pelvie inlet then erosses 
the saero-iliae joint and continues along the linea termina- 
lis (i.e., the arcuate line, the peeten pubis or peetineal line, 
and the pubic erest) to the pubic symphysis. 


Saero-iliae joint 


Margin of ala 


Promontory 



Pubic symphysis Pubic Peeten Arcuate 

. erest pubis line 


Linea terminalis 


Fig. 5.28 Pelvie inlet. 
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Pelvie wall 

The walls of the pelvie eavity eonsist of the sacrum, the 
coccyx, the pelvie bones inferior to the linea terminalis, two 
ligaments, and two muscles. 

Ligaments of the pelvie wall 

The sacrospinous and sacrotuberous ligaments (Fig. 
5.29A) are major eomponents of the lateral pelvie walls 
that help define the apertures between the pelvie eavity 
and adjaeent regions through which structures pass. 

The smaller of the two, the sacrospinous ligament, is 
triangular, with its apex attaehed to the isehial spine 
and its base attaehed to the related margins of the 
sacrum and the coccyx. 

The sacrotuberous ligament is also triangular and is 
superficial to the sacrospinous ligament. Its base has a 
broad attaehment that extends from the posterior supe- 
rior iliae spine of the pelvie bone, along the dorsal aspeet 
and the lateral margin of the saemrn, and onto the dor- 
solateral surface of the coccyx. Laterally, the apex of the 
ligament is attaehed to the medial margin of the isehial 
tuberosity. 


These ligaments stabilize the saemrn on the pel vie bones 
by resisting the upward tilting of the inferior aspeet of 
the saemm (Fig. 5.29B). They also eonvert the greater 
and lesser seiatie notehes of the pelvie bone into foramina 

(Fig. 5.29A,B). 

The greater seiatie foramen lies superior to the saero- 
spinous ligament and the isehial spine. 

The lesser seiatie foramen lies inferior to the isehial 
spine and sacrospinous ligament between the saerospi- 
nous and sacrotuberous ligaments. 

Muscles of the pelvie wall 

Two muscles, the obturator internus and the piriformis, 
contribute to the lateral walls of the pelvie eavity. These 
muscles originate in the pelvie eavity but attaeh peripher- 
ally to the femur. 

Obturator internus 

The obturator internus is a flat, fan-shaped muscle that 
originates from the deep surface of the obturator mem- 
brane and from assoeiated regions of the pelvie bone that 
surround the obturator foramen (Fig. 5.30 and Table 5.1). 
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Fig. 5.29 Sacrospinous and sacrotuberous ligaments. A. Medial view of right side of pelvis. B. Function of the ligaments. 
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Piriformis muscle 


Obturator internus muscle 



Anterior saeral 



Fig. 5.30 Obturator internus and piriformis muscles (medial view of right side of pelvis). 


Table 5.1 

Muscles of the pelvie walls 




Musde 

Origin 

Insertion 

Innervation 

Function 

Obturator 

Anterolateral wall of true 

Medial surface of greater 

Nerve to obturator internus 

Lateral rotation of the extended 

internus 

pelvis (deep surface of 
obturator membrane and 
surrounding bone) 

troehanter of femur 

L5, Sl 

hip joint; abduction of flexed hip 

Piriformis 

Anterior surface of saemrn 
between anterior saeral 
foramina 

Medial sideof superior border 
of greater troehanter of femur 

Branehesfrom Sl, and S2 

Lateral rotation of the extended 
hip joint; abduction of flexed hip 


The muscle fibers of the obturator internus eonverge to 
form a tendon that leaves the pelvie eavity through the 
lesser seiatie foramen, makes a 90° bend around the 
ischium between the isehial spine and isehial tuberosity, 
and then passes posterior to the hip joint to insert on the 
greater troehanter of the femur. 

The obturator internus forms a large part of the antero- 
lateral wall of the pelvie eavity. 

Piriformis 

The piriformis is triangular and originates in the bridges of 
bone between the four anterior saeral foramina. It passes 


laterally through the greater seiatie foramen, erosses the 
posterosuperior aspeet of the hip joint, and inserts on 
the greater troehanter of the femur above the insertion of 
the obturator internus imisele (Fig. 5.30 and Pable 5.1). 

A large part of the posterolateral wall of the pelvie 
eavity is formed by the piriformis. In addition, this muscle 
separates the greater seiatie foramen into two regions, one 
above the muscle and one below. Vessels and nerves cours- 
ing between the pelvie eavity and the gluteal region pass 
through these two regions. 
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Apertures i n the pelvie wall 

Eaeh lateral pelvie wall has three major apertures through 
which structures pass between the pelvie eavity and other 
regions: 

■ the obturator eanal, 

the greater seiatie foramen, and 
the lesser seiatie foramen. 

Obturator eanal 

At the top of the obturator foramen is the obturator eanal, 
which is bordered by the obturator membrane, the 
assoeiated obturator muscles, and the superior pubic 
ramus (Fig. 5.31). The obturator nerve and vessels pass 
from the pelvie eavity to the thigh through this eanal. 

Greater seiatie foramen 

The greater seiatie foramen is a major route of eomimini- 
eation between the pelvie eavity and the lower limb 
(Fig. 5.31). It is formed by the greater seiatie noteh in the 


pelvie bone, the sacrotuberous and the sacrospinous liga- 
ments, and the spine of the ischium. 

The piriformis muscle passes through the greater seiatie 
foramen, dividing it into two parts. 

The superior gluteal nerves and vessels pass through the 
foramen above the piriformis. 

Passing through the foramen below the piriformis are 
the inferior gluteal nerves and vessels, the seiatie nerve, 
the pudendal nerve, the internal pudendal vessels, the 
posterior femoral cutaneous nerves, and the nerves to 
the obturator internus and quadratus femoris muscles. 

Lesser seiatie foramen 

The lesser seiatie foramen is formed by the lesser seiatie 
noteh of the pelvie bone, the isehial spine, the sacrospinous 
ligament, and the sacrotuberous ligament (Fig. 5.31). 
The tendon of the obturator internus muscle passes 
through this foramen to enter the gluteal region of the 
lower limb. 



Superior gluteal nerve 
and vessels 

Greater seiatie foramen, 
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piriformis muscle 


Seiatie nerve, inferior gluteal, 
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Obturator eanal - obturator nerve and vessels 


Fig. 5.31 Apertures in the pelvie wall. 


452 


















Regional anatomy • Pelvis 


5 


Because the lesser seiatie foramen is positioned below 
the attaehment of the pelvie floor, it aets as a route of eom- 
munication between the perineum and the ghiteal region. 
The pudendal nerve and internal pudendal vessels pass 
between the pelvie eavity (above the pelvie floor) and the 
perineum (below the pel vie floor), by first passing out of the 
pelvie eavity through the greater seiatie foramen and then 
looping around the isehial spine and sacrospinous liga- 
ment to pass through the lesser seiatie foramen to enter the 
perineum. 

Pelvie outlet 

The pelvie outlet is diamond shaped, with the anterior 
part of the diamond defined predominantly by bone and 
the posterior part mainly by ligaments (Fig. 5.32). In the 


midline anteriorly, the boundary of the pelvie outlet is the 
pubic symphysis. Extending laterally and posteriorly, the 
boundary on eaeh side is the inferior border of the body of 
the pubis, the inferior ramus of the pubis, the ramus of the 
ischium, and the isehial tuberosity. Together, the elements 
on both sides form the pubic areh. 

From the isehial tuberosities, the boundaries continue 
posteriorly and medially along the sacrotuberous ligament 
on both sides to the coccyx. 

Terminal parts of the urinary and gastrointestinal traets 
and the vagina pass through the pelvie outlet. 

The area enelosed by the boundaries of the pelvie outlet 
and below the pelvie floor is the perineum. 


Pubic symphysis 


Body of pubis 


Pubìc 



isehial tuberosity 


Sacrotuberous ligament 


Coccyx 


Fig. 5.32 Pelvie outlet. 
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ln the elinie 

Pelvie measurements in obstetries 

Transverse and sagittal measurements of a vvoman's pelvie 
inlet and outlet ean help in predieting the likelihood of a 
successful vaginal delivery. These measurements include: 

■ the sagittal inlet (betvveen the promontory and the 
top of the pubic symphysis), 

■ the maximum transverse diameter of the inlet, 

■ the bispinous outlet (the distanee betvveen isehial 
spines), and 

■ the sagittal outlet (the distanee betvveen the tip of 
the coccyx and the inferior margin of the pubic 
symphysis). 

These measurements ean be obtained using magnetie 
resonanee imaging, vvhieh earries no radiation risk for the 
fetus or mother (Fig. 5.33). 


Arms 


Torso 




Pubíc 



Amniotie fluid 


Fig. 5.33 Sagittal T2-weighted magnetie resonanee image of 
the lowerabdomen and pelvis of a pregnant woman. 


Pelvie floor 

The pelvie floor is formed by the pelvie diaphragm and, in 
the anterior midline, the perineal membrane and the 
muscles in the deep perineal pouch. The pelvie diaphragm 
is formed by the levator ani and the coccygeus muscles 
from both sides. The pelvie floor separates the pelvie eavity, 
above, from the perineum, below. 

The pelvie diaphragm 

The pelvie diaphragm is the muscular part of the pelvie 
floor. Shaped like a bowl or funnel and attaehed superiorly 
to the pelvie walls, it eonsists of the levator ani and the 
coccygeus imiseles (Fig. 5.34 and Table 5.2). 

The pelvie diaphragm’s circular line of attaehment to 
the eylindrieal pelvie wallpasses, on eaeh side, betweenthe 
greater seiatie foramen and the lesser seiatie foramen. 
Thus: 

the greater seiatie foramen is situated above the level of 
the pelvie floor and is a route of communication between 


the pelvie eavity and the gluteal region of the lower 
limb; and 

the lesser seiatie foramen is situated below the pelvie 
floor, providing a route of eomrminieation between the 
gluteal region of the lower limb and the perineum. 

Levator ani 

The two levator ani muscles originate from eaeh side of the 
pelvie wall, course medially and inferiorly, and join together 
in the midline. The attaehment to the pelvie wall follows 
the circular contour of the wall and includes: 

the posterior aspeet of the body of the pubic bone, 
a linear thiekening ealled the tendinous areh, in the 
faseia eovering the obturator internus muscle, and 
■ the spine of the isehhim. 

At the midline, the muscles blend together posterior to 
the vagina in women and around the anal aperture in both 
sexes. Posterior to the anal aperture, the muscles eome 
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Fig. 5.34 Pelvie diaphragm. 


Table 5.2 Muscles of the pelvie diaphragm 


Muscle Origin 


Insertion 


Innervation 


Function 


Levator 

ani 


In a line around the pelvie wall 
beginning on the posterior 
aspeet of the pubic bone 
and extending aeross the 
obturator internus muscle as 
a tendinous areh (thiekening 
of the obturator internus 
faseia) to the isehial spine 


The anterior part is attaehed 
to the superior surface of 
the perineal membrane; the 
posterior part meets its 
partner on the other side 
at the perineal body, around 
the anal eanal, and along 
the anoeoeeygeal ligament 


Branehes direet from the 
anterior ramus of S4, and by 
the inferior reetal braneh of 
the pudendal nerve (S2 to S4) 


Contributes to the formation of 
the pelvie floor, which supports 
the pelvie viseera; maintains 
an angle between the rectum 
and anal eanal; reinforees the 
external anal sphineter and, in 
women, functions as a vaginal 
sphineter 


Coccygeus 


isehial spine and pelvie surface Lateral margin of coccyx and 
of the sacrospinous ligament related border of sacrum 


Branehes from the anterior 
rami of S3 and S4 


Contributes to the formation of 
the pelvie floor, which suppo ts 
the pelvie viseera; pulls coccyx 
forward after defeeation 
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together as a ligament or raphe ealled the anoeoeeygeal 
ligament (anoeoeeygeal body) and attaehes to the 
coccyx. Anteriorly, the muscles are separated by a U-shaped 
defeet or gap termed the urogenital hiatus. The margins 
of this hiatus merge with the walls of the assoeiated viseera 
and with muscles in the deep perineal pouch below. The 
hiatus allows the urethra (in both men and women), and 
the vagina (in women), to pass through the pelvie dia- 
phragm (Fig. 5.34). 

The levator ani muscles are divided into at least three 
eolleetions of muscle fibers, based on site of origin and 
relationship to viseera in the midline: the pubococcygeus, 
the puborectalis, and the iliococcygeus muscles. 

■ The pubococcygeus originates from the body of the 
pubis and courses posteriorly to attaeh along the midline 
as far baek as the coccyx. This part of the rmisele is 
further subdivided on the basis of assoeiation with 
structures in the midline into the puboprostaticus 
(levator prostatae), the pubovaginalis, and the 
puboanalis muscles. 

A seeond major eolleetion of muscle fibers, the 
puborectalis portion of the levator ani muscles, origi- 
nates, in assoeiation with the pubococcygeus muscle, 
from the pubis and passes inferiorly on eaeh side to 
form a sling around the terminal part of the gastroin- 
testinal traet. This muscular sling maintains an angle 
or flexure, ealled the perineal flexure, at the anoreetal 
junction. This angle fimetions as part of the meeha- 
nism that keeps the end of the gastrointestinal system 
elosed. 

The final part of the levator ani muscle is the ilioeoe- 
cygeus. This part of the imisele originates from the 
faseia that eovers the obturator internus muscle. It joins 
the same muscle on the other side in the midline to form 
a ligament or raphe that extends from the anal aperture 
to the coccyx. 

The levator ani muscles help support the pelvie viseera 
and maintain closure of the rectum and vagina. They are 
innervated direetly by branehes from the anterior ramus of 
S4 and by branehes of the pudendal nerve (S2 to S4). 


Coccygeus 

The two coccygeus muscles, one on eaeh side, are triangu- 
lar and overlie the sacrospinous ligaments; together 
they eomplete the posterior part of the pelvie diaphragm 
(Fig. 5.34 and Table 5.2). They are attaehed, by their 
apiees, to the tips of the isehial spines and, by their bases, 
to the lateral margins of the coccyx and adjaeent margins 
of the saemm. 

These coccygeus muscles are innervated by branehes 
from the anterior rami of S3 and S4 and partieipate in sup- 
porting the posterior aspeet of the pelvie floor. 


In the elinie 

Defeeation 

At the beginning of defeeation, closure of the larynx 
stabilizes the diaphragm and intraabdominal pressure 
is inereased by eontraetion of abdominal wall muscles. 

As defeeation proceeds,the puborectalis muscle 
surrounding the anoreetal junction relaxes, which 
straightens the anoreetal angle. Both the internal and the 
external anal sphineters also relax to allow feees to move 
through the anal eanal. Normally, the puborectal sling 
maintains an angle of about 90° between the rectum and 
the anal eanal and aets as a "pineh valve"to prevent 
defeeation. When the puborectalis muscle relaxes, 
the anoreetal angle inereases to about 130° to 140°. 

Thefatty tissue of the isehio-anal fossa allows for 
ehanges in the position and size of the anal eanal 
and anus during defeeation. During evacuation, 
the anoreetal junction moves down and baek and 
the pelvie floor usually deseends slightly. 

During defeeation, the circular muscles of the reetal 
wall undergo a wave of eontraetion to push feees 
toward the anus. As feees emerge from the anus, 
the longitudinal muscles of the rectum and levator ani 
bring the anal eanal baek up 7 the feees are expelled, and 
the anus and rectum return to their normal positions. 
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The perineal membrane and deep 
perineal pouch 

The perineal membrane is a thiek faseial, triangular 
structure attaehed to the bony framework of the pubic 
areh (Fig. 5.35A). It is oriented in the horizontal plane and 
has a free posterior margin. Anteriorly, there is a small gap 


(blue arrow in Fig. 5.35A) between the membrane and the 
inferior pubic ligament (a ligament assoeiated with the 
pubic symphysis). 

The perineal membrane is related above to a thin spaee 
ealled the deep perineal pouch (deep perineal spaee) 

(Fig. 5.35B), which eontains a layer of skeletalmuscle and 
various neurovascular elements. 
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Fig. 5.35 Perineal membrane and deep perineal pouch. A. Inferior view. B. Superolateral view. 
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Fig. 5.35, eont’d Perineal membrane and deep perineal pouch. C. Medial view. 


The deep perineal pouch is open above and is not sepa- 
rated from more superior structures by a distinet layer of 
faseia. The parts of the perineal membrane and structures 
in the deep perineal pouch, enelosed by the urogenital 
hiatus above, therefore contribute to the pelvie floor and 
support elements of the urogenital system in the pelvie 
eavity, even though the perineal membrane and deep peri- 
neal pouch are usually eonsidered parts of the perineiim. 


The perineal membrane and adjaeent pubic areh provide 
attaehment for the roots of the external genitalia and the 
rmiseles assoeiated with them (Fig. 5.35C). 

The urethra penetrates vertieally through a circular 
hiatus in the perineal membrane as it passes from the 
pelvie eavity, above, to the perineum, below. In women, the 
vagina also passes through a hiatus in the perineal mem- 
brane just posterior to the urethral hiatus. 


458 




















Regional anatomy • Pelvis 


5 


Within the deep perineal pouch, a sheet of skeletal 
muscle functions as a sphineter, mainly for the urethra, 
and as a stabilizer of the posterior edge of the perineal 
membrane (Fig. 5.36 and "able 5.3). 

Anteriorly, a group of muscle fibers surround the 
urethra and eolleetively form the external urethral 
sphineter. 

Two additional groups of imisele fibers are assoeiated 
with the urethra and vagina in women. One group 
forms the sphineter urethrovaginalis , which sur- 
rounds the urethra and vagina as a unit. The seeond 
group forms the eompressor urethrae, on eaeh side, 
which originate from the ischiopubic rami and meet 
anterior to the urethra. Together with the external 
urethral sphineter, the sphineter urethrovaginalis and 
eompressor urethrae faeilitate elosing of the urethra. 

■ In both men and women, a deep transverse perineal 
muscle on eaeh side parallels the free margin of the 
perineal membrane and joins with its partner at the 
midline. These muscles are thought to stabilize the posi- 
tion of the perineal body, which is a midline structure 
along the posterior edge of the perineal membrane. 

Perineal body 

The perineal body is an ill-defined but important eonneetive 
tissue structure into which muscles of the pelvie floor and 


Opening for urethra Opening for vagina 




Sphineter 

iirethrovaginalis 


Oompressor urethrae 
Deep perineal pouch 
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Opening for urethra 



B Perineal membrane Deep perineal pouch 


Fig. 536 Muscles in the deep perineal pouch. A. In vvomen. 
B. In men. 


Table 53 Muscles within the deep perineal pouch 

Muscle 

Origin 

Insertion 

Innervation 

Function 

External urethral 

From the inferior ramus 

Surrounds membranous part 

Perineal branehes of the 

Compresses the membranous 

sphineter 

of the pubis on eaeh side 

of urethra 

pudendal nerve (S2 to S4) 

urethra; relaxes during 


and adjaeent walls of the 



micturition 


deep perineal pouch 




Deep transverse 

Medial aspeet of isehial 

Perineal body 

Perineal branehes of the 

Stabilizes the position of the 

perineal 

ramus 


pudendal nerve (S2 to S4) 

perineal body 


Compressor urethrae lschiopubic ramus on 
(in women only) eaeh side 


Blends with partner on other 
side anterior to the urethra 


Perineal branehes of the 
pudendal nerve (S2 to S4) 


Functions as an aeeessory 
sphineter of the urethra 


Sphineter Perineal body 

urethrovaginalis 

(in women only) 


Passes forward lateral to the 
vagina to blend with partner 
on other side anterior to the 
urethra 


Perineal branehes of the Functions as an aeeessory 
pudendal nerve (S2 to S4) sphineter of the urethra 

(also may faeilitate elosing 
the vagina) 
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the perineiim attaeh (Fig. 5.37). It is positioned in the 
midline along the posterior border of the perineal mem- 
brane, to which it attaehes. The posterior end of the urogeni- 
tal hiatus in the levator ani muscles is also eonneeted to it. 

The deep transverse perineal muscles interseet at the 
perineal body; in women, the sphineter urethrovaginalis 
also attaehes to the perineal body. Other muscles that 
eonneet to the perineal body include the external anal 
sphineter, the superficial transverse perineal muscles, and 
the bulbospongiosus muscles of the perineum. 


In the elinie 

Episiotomy 

During ehildbirth the perineal body may be stretehed 
and torn. Traditionally it was felt that if a perineal tear is 
likely, the obstetrieian may proeeed with an episiotomy. 
This is a procedure in which an ineision is made in the 
perineal body to allow the head of the fetus to pass 
through the vagina. There are two types of 
episiotomies: a median episiotomy cuts through the 
perineal body, while a mediolateral episiotomy is an 
ineision 45° from the midline. The maternal benefits of 
this procedure have been thought to be less traumatic 
to the perineum and to result in deereased pelvie floor 
dysfunction after ehildbirth. However, more reeent 
evidenee suggests that an episiotomy should not be 
performed routinely. Review of data has failed to show 
a deerease in pelvie floor damage with routine use of 
episiotomies. 


Viseera 

The pelvie viseera include parts of the gastrointestinal 
system, the urinary system, and the reproductive system. 


Perineal body 



Superficial transverse perineal muscle 


Fig. 5.37 Perineal body. 


The viseera are arranged in the midline, from front to baek; 
the neurovascular supply is through branehes that pass 
medially from vessels and nerves assoeiated with the pelvie 
walls. 

Gastrointestinal system 

Pelvie parts of the gastrointestinal system eonsist mainly of 
the rectum and the anal eanal, although the terminal part 
of the sigmoid eolon is also in the pelvie eavity (Fig. 5.38). 

Rectum 

The rectum is continuous: 

■ above, with the sigmoid eolon at about the level of ver- 
tebra SIII, and 

■ below, with the anal eanal as this structure penetrates 
the pelvie floor and passes through the perineum to end 
as the anus. 

The rectum, the most posterior element of the pelvie 
viseera, is immediately anterior to, and follows the eoneave 
contour of the saemrn. 

The anoreetal junction is pulled forward (perineal 
flexure) by the aetion of the puborectalis part of the levator 
ani muscle, so the anal eanal moves in a posterior direetion 
as it passes inferiorly through the pelvie floor. 

In addition to eonforming to the general curvature of 
the saemrn in the anteroposterior plane, the rectum has 
three lateral curvatures; the upper and lower curvatures to 
the right and the middle curvature to the left. The lower 
part of the rectum is expanded to form the reetal ampulla. 
Finally, unlike the eolon, the rectum laeks distinet taeniae 
eoli muscles, omental appendiees, and sacculations 
(haustra of the eolon). 

Anal eanal 

The anal eanal begins at the terminal end of the reetal 
ampulla where it narrows at the pelvie floor. It terminates 
as the anus after passing through the perineum. As it 
passes through the pelvie floor, the anal eanal is sur- 
rounded along its entire length by the internal and exter- 
nal anal sphineters, which normally keep it elosed. 

The lining of the anal eanal bears a number of eharae- 
teristie structural features that refleet the approximate 
position of the anoeoeeygeal membrane in the fetus (which 
eloses the terminal end of the developing gastrointestinal 
system in the fetus) and the transition from gastrointesti- 
nal mucosa to skin in the adult (Fig. 5.38B). 

The upper part of the anal eanal is lined by mucosa 
similar to that lining the rectum and is distinguished by 
a number of longitudinally oriented folds known as 
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Fig. 5.38 Rectum and anal eanal. A. Left pelvie bone removed. B. Longitudinal seetion. 
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anal eolnmns, which are united inferiorly by ereseen- 
tie folds termed anal valves. Superior to eaeh valve is 
a depression termed an anal sinus. The anal valves 
together form a eirele around the anal eanal at a 
loeation known as the peetinate line, which marks 
the approximate position of the anal membrane in 
the fetus. 

Inferior to the peetinate line is a transition zone known 
as the anal peeten, which is lined by nonkeratinized 
stratified squamous epithelium. The anal peeten ends 
inferiorly at the anocutaneous line (“white line”), or 
where the lining of the anal eanal beeomes tme skin. 

Given the position of the eolon and rectum in the 
abdominopelvie eavity and its proximity to other organs, it 


ln the elinie 

Digital reetal examination 

A digital reetal examination (DRE) is performed by 
plaeing the gloved and lubricated index finger into the 
rectum through the anus. The anal mucosa ean be 
palpated for abnormal masses, and in women ; the 
posterior wall of the vagina and the cervix ean be 
palpated. In men, the prostate ean be evaluated for any 
extraneous nodules or masses. 

In many instanees the digital reetal examination may 
be followed by proetoseopy or eolonoseopy. An 
ultrasound probe may be plaeed into the rectum to 
assess the gyneeologieal structures in females and the 
prostate in the male before performing a prostatie 
biopsy. 


In the elinie 

Carcinoma of the eolon and rectum 

Carcinoma of the eolon and rectum (colorectum) is a 
eommon and often lethal disease. Reeent advanees in 
surgery, radiotherapy, and ehemotherapy have only 
slightly improved 5-year survival rates. 

The biologieal behavior of tumors of the eolon and 
rectum is relatively predietable. Mostof the tumors 
develop from benign polyps, some of which undergo 
malignant ehange. The overall prognosis is related to: 

■ the degree of tumor penetration through the 
bowel wall ; 

■ the presenee or absenee of lymphatie 
dissemination, and 

■ the presenee or absenee of systemie metastases. 


is extremely important to accurately stage eoloreetal 
tumors: a tumor in the pelvis, for example, could invade 
the uterus or bladder. Assessing whether spread has 
occurred may involve ultrasound seanning, computed 
tomography, and magnetie resonanee imaging. 

llrinary system 

The pelvie parts of the urinary system eonsist of the termi- 
nal parts of the ureters, the bladder, and the proximal part 
of the urethra (Fig. 5.39). 

Ureters 

The ureters enter the pelvie eavity from the abdomen by 
passing through the pelvie inlet. On eaeh side, the ureter 
erosses the pelvie inlet and enters the pelvie eavity in the 
area anterior to the bifurcation of the eommon iliae artery. 
From this point, it continues along the pelvie wall and floor 
to join the base of the bladder. 

In the pelvis, the ureter is erossed by: 

the ductus deferens in men, and 
the uterine arterv in women. 


Extemal ilrae artery 
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Fig. 5.39 Pelvie parts of the urinary system 


462 



















Regional anatomy • Pelvis 


5 



Bladder 

The bladder is the most anterior element of the pelvie 
viseera. Although it is entirely situated in the pelvie eavity 
when empty, it expands superiorly into the abdominal 
eavity when full (Fig. 5.39). 

The empty bladder is shaped like a three-sided pyramid 
that has tipped over to lie on one of its margins (Fig. 5.40A) . 
It has an apex, a base, a superior surface, and two infero- 
lateral surfaces. 

The apex of the bladder is direeted toward the top of the 
pubic symphysis; a structure known as the median 
umbilical ligament (a remnant of the embryologieal 
urachus that contributes to the f ormation of the bladder) 
continues from it superiorly up the anterior abdominal 
wall to the umbilicus. 


The base of the bladder is shaped like an inverted tri- 
angle and faees posteroinferiorly. The two ureters enter 
the bladder at eaeh of the upper eorners of the base, 
and the urethra drains inferiorly from the lower eorner 
of the base. Inside, the imieosal lining on the base of the 
bladder is smooth and fìrmly attaehed to the underlying 
smooth muscle eoat of the wall—unlike elsewhere in the 
bladder where the imieosa is folded and loosely attaehed 
to the wall. The smooth triangular area between the 
openings of the ureters and urethra on the inside of the 
bladder is known as the trigone (Fig. 5.40B). 

The inferolateral surfaces of the bladder are eradled 
between the levator ani nmseles of the pelvie diaphragm 
and the adjaeent obturator internus muscles above the 
attaehment of the pelvie diaphragm. The superior 
surface is slightly domed when the bladder is empty; it 
balloons upward as the bladder fills. 
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Fig. 5.40 Bladder. A. Superolateral view. B. The trigone. Anterior view with the anterior part of the bladder cut away. 
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Neekof bladder 

The neek of the bladder surrounds the origin of the urethra 
at the point where the two inferolateral surfaces and the 
base interseet. 

The neek is the most inferior part of the bladder and also 
the most “fixed” part. It is anehored into position by a pair 
of tough fibromuscular bands, which eonneet the neek 
and pelvie part of the urethra to the posteroinferior aspeet 
of eaeh pubic bone. 

In women, these fibromuscular bands aretermedpubo- 
vesieal ligaments (Fig. 5.41 A). Together with the peri- 
neal membrane and assoeiated muscles, the levator ani 


muscles, and the pubic bones, these ligaments help 
support the bladder. 

In men, the paired fibromuscular bands are known as 
puboprostatic ligaments because they blend with the 
fibrous capsule of the prostate, which surrounds the 
neek of the bladder and adjaeent part of the urethra 

(Fig. 5.41B). 

Although the bladder is eonsidered to be pelvie in the 
adult, it has a higher position in ehildren. At birth, the 
bladder is almost entirely abdominal; the urethra begins 
approximately at the upper margin of the pubic symphysis. 
With age, the bladder deseends until after puberty when it 
assumes the adult position. 



Pubovesical ligament 


A 


Vaginal opening in 
deep perineal pouch 
and perineal membrane 


L 



Puboprostatic ligament 


B 


Prostate 


464 


Fig. 5.41 Ligaments that anehor the neek of the bladder and pelvie part of the urethra to the pelvie bones. A. In vvomen. B. In men. 
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ln the elinie 

Bladder stones 

In some patients, small calculi (stones) form in the kidneys. 
These may pass down the ureter, causing ureteric 
obstmetion, and into the bladder (Fig. 5.42), where 
insoluble salts further preeipitate on these small calculi to 
form larger calculi. Often, these patients develop (or may 
already have) problems with bladder emptying, which 
leaves residual urine in the bladder. This urine may 


beeome infeeted, which alters the pH of the urine, 
permitting further preeipitation of insoluble salts. 

If small enough, the stones may be removed via 
a transurethral route using speeialized instruments. 

If the stones are too big, it may be neeessary to make 
a suprapubic ineision and enterthe bladder 
retroperitoneally to remove them. 


Dilated ealiees Obstmeted ureter Left kidney emptied 



Stone Stone 


Fig. 5.42 lntravenous urogram demonstrating a stone in the lovver portion of the ureter. A. Control radiograph. B. lntravenous 
urogram, postmicturition. 
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ln the elinie 

Suprapubic eatheterization 

In eertain instanees it is neeessary to eatheterize the 
bladder through the anterior abdominal wall. For 
example, when the prostate is markedly enlarged and it is 
impossible to pass a urethral eatheter, a suprapubic 
eatheter may be plaeed. 

The bladder is a retroperitoneal structure and when full 
lies adjaeentto the anterior abdominal wall. Ultrasound 
visualization of the bladder may be useful in assessing the 


size of this structure and r importantly, differentiating this 
structure from other potential abdominal masses. 

The procedure of suprapubic eatheterization is 
straightforward and involves the passage of a small 
eatheter on a needle in the midline approximately 2 em 
above the pubic symphysis. The eatheter passes easily 
into the bladder without eompromise of other structures 
and permits free drainage. 


In the dinie 

Bladder eaneer 

Bladder eaneer (Fig. 5.43) is the most eommon tumor of 
the urinary traet and is usually a disease of the sixth and 
seventh deeades, although there is an inereasing trend for 
younger patients to develop this disease. 

Approximately one-third of bladder tumors are 
multifocal; fortonately, two-thirds are superficial tumors 
and amenable to loeal treatment. 

Bladder tumors may spread through the bladder wall 
and invade loeal structures, including the rectum, uterus 
(in women), and lateral walls of the pelvie eavity. Prostatie 
involvement is not uncommon in male patients. The 
disease spreads via the internal iliae lymph nodes. Spread 
to distant metastatie sites rarely includes the lung. 

Treatment for early-stage tumors includes loeal 
reseetion with preservation of the bladder. Diffuse tumors 
may be treated with loeal ehemotherapy; more extensive 
tumors may require radieal surgical removal of the 
bladder and, in men, the prostate. 

Large bladder tumors may produce eomplieations, 
including invasion and obstruction of the ureters. Ureteric 
obstmetion ean then obstruct the kidneys and induce 
kidney failure. Moreover, bladder tumors ean invade other 
structures of the pelvie eavity. 


Renal pelvis 



Small tumor Bladder 


Fig.5.43 lntravenous urogram demonstrating a small tumor in 
the wall of the bladder. 


TJrethra 

The urethra begins at the base of the bladder and ends with 
an external opening in the perineiim. The paths taken by 
the urethra differ signifieantly in women and men. 

In vvomen 

In women, the urethra is short, being about 4 em long. It 
travels a slightly curved course as it passes inferiorly 
466 through the pelvie f loor into the perineum, where it passes 


through the deep perineal pouch and perineal membrane 
before opening in the vestibule that lies between the labia 
minora (Fig. 5.44A). 

The urethral opening is anterior to the vaginal opening 
in the vestibule. The inferior aspeet of the urethra is bound 
to the anterior surface of the vagina. Two small para- 
urethral mucous glands (Skene's glands) are assoeiated 
with the lower end of the urethra. Eaeh drains via a duct 
that opens onto the lateral margin of the external urethral 
orifiee. 
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Fig. 5.44 Llrethra. A. In women. B. In men. 


In men 

In men, the urethra is long, about 20 em, and bends twice 
along its course (Fig. 5.44B). Beginning at the base of the 
bladder and passing inferiorly through the prostate, it 
passes through the deep perineal pouch and perineal mem- 
brane and immediately enters the root of the penis. As the 
urethra exits the deep perineal pouch, it bends forward to 
course anteriorly in the root of the penis. When the penis 
is flaeeid, the urethra makes another bend, this time infe- 
riorly, when passing from the root to the body of the penis. 
During ereetion, the bend between the root and body of the 
penis disappears. 


The urethra in men is divided into preprostatie, pros- 
tatie, membranous, and spongy parts. 

Preprostatie part. The preprostatie part of the urethra is 
about 1 em long, extends from the base of the bladder to 
the prostate, and is assoeiated with a circular cuff of 
smooth muscle fibers (the internal urethral sphineter). 
Contraction of this sphineter prevents retrograde move- 
ment of semen into the bladder during ejaculation. 
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Fig. 5.44, eont’d C. Prostatie part of the urethra in men. 


Prostatie part. The prostatie part of the urethra 
(Fig. 5.44C) is 3 to 4 em long and is siirroiinded by the 
prostate. In this region, the lumen of the urethra is marked 
by a longitudinal midline fold of imieosa (the urethral 
erest). The depression on eaeh side of the erest is the pros- 
tatie sinus; the ducts of the prostate empty into these two 
sinuses. 

Midway along its length, the urethral erest is enlarged 
to form a somewhat circular elevation (the seminal collicu- 
lus). In men, the seminal colliculus is used to determine the 
position of the prostate gland during transurethral tran- 
seetion of the prostate. 

A small blind-ended pouch—the prostatie utricle 
(thought to be the homologue of the uterus in women)— 
opens onto the eenter of the seminal colliculus. On eaeh 
side of the prostatie utricle is the opening of the ejacula- 
468 tory duct of the male reproductive system. Therefore the 


eonneetion between the urinary and reproductive traets in 
men occurs in the prostatie part of the urethra. 

Membranous part. The membranous part of the urethra 
is narrow and passes through the deep perineal pouch 
(Fig. 5.44B). During its transit through this pouch, the 
urethra, in both men and women, is surrounded by skeletal 
muscle of the external urethral sphineter. 

Spongy urethra. The spongy urethra is surrounded by 
ereetile tissue (the corpus spongiosum) of the penis. 
It is enlarged to form a bulb at the base of the penis and 
again at the end of the penis to form the navicular fossa 
(Fig. 5.44B). The two bulbo-urethral glands in the deep 
perineal pouch are part of the male reproductive system 
and open into the bulb of the spongy urethra. The external 
urethral orifiee is the sagittal slit at the end of the penis. 
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ln the elinie 

Bladder infeetion 

The relatively short length of the urethra in vvomen makes 
them more susceptible than men to bladder infeetion. The 
primary symptom of urinary traet infeetion in vvomen is 
usually inflammation of the bladder (eystitis). The infeetion 
ean be eontrolled in most instanees by oral antibioties and 


resolves without eomplieation. In ehildren under 1 year of 
age, infeetion from the bladder may spread via the ureters 
to the kidneys, where it ean produce renal damage and 
ultimately lead to renal failure. Early diagnosis and 
treatment are neeessary. 


In the elinie 


llrethral eatheterization 

Llrethral eatheterization is often performed to drain urine 
from a patient's bladder when the patient is unable to 
micturate. When inserting urinary eatheters, it is important 
to appreeiate the gender anatomy of the patient. 

In men: 

■ The spongy urethra is surrounded by the ereetile 
tissue of the bulb of the penis immediately inferior to 
the deep perineal pouch. The wall of this short 
segment of urethra is relatively thin and angles 
superiorly to pass through the deep perineal pouch; 
at this position the urethra is vulnerable to damage, 
notably during eystoseopy. 

■ The membranous part of the urethra runs superiorly 
as it passes through the deep perineal pouch. 



Bladder 


■ The prostatie part of the urethra takes a slight 
eoneave curve anteriorly as it passes through the 
prostate gland. 

In women, it is much simpler to pass eatheters and 
eystoseopes because the urethra is short and straight. 
Llrine may therefore be readily drained from a distended 
bladder without signifieant eoneern for urethral rupture. 

Oeeasionally, it is impossible to pass any form of 
instmmentation through the urethra to drain the bladder, 
usually because there is a urethral stricture or prostatie 
enlargement. In such eases, an ultrasound of the lower 
abdomen will demonstrate a full bladder (Fig. 5.45) 
behind the anterior abdominal wall. A suprapubic eatheter 
may be inserted into the bladder with minimal trauma 
through a small ineision under loeal anesthetie. 




Bladder 


Fig.5.45 Ultrasound demonstrating the bladder. A. Full bladder. B. Postmicturition bladder. 
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Reproductive system 

In men 

The reproductive system in men has eomponents in the 
abdomen, pelvis, and perineum (Fig. 5.46A). The major 
eomponents are a testis, epididymis, ductus deferens, and 
ejaculatory duct on eaeh side, and the urethra and penis 
in the midline. In addition, three types of aeeessory glands 
are assoeiated with the system: 

a single prostate, 

a pair of seminal vesieles, and 

a pair of bulbo-urethral glands. 

The design of the reproductive system in men is basi- 
eally a series of ducts and tubules. The arrangement of 
parts and linkage to the urinary traet refleets its embryo- 
logieal development. 

Testes 

The testes originally develop high on the posterior abdom- 
inal wall and then deseend, normally before birth, through 
the inguinal eanal in the anterior abdominal wall and into 
the scrotum of the perineum. During deseent, the testes 
earry their vessels, lymphaties, and nerves, as well as their 
prineipal drainage ducts, the ductus deferens (vas def- 
erens) with them. The lymph drainage of the testes is 
therefore to the lateral aortie or lumbar nodes and pre- 
aortie nodes in the abdomen, and not to the inguinal or 
pelvie lymph nodes. 

Eaeh ellipsoid-shaped testis is enelosed within the end 
of an elongated musculofascial pouch, which is continu- 
ous with the anterior abdominal wall and projeets into 
the scrotum. The spermatie eord is the tube-shaped 
eonneetion between the pouch in the scrotum and the 
abdominal wall. 

The sides and anterior aspeet of the testis are eovered by 
a elosed sae of peritoneum (the tunica vaginalis), which 
originally eonneeted to the abdominal eavity. Normally 
after testicular deseent, the eonneetion eloses, leaving a 
fibrous remnant. 

Eaeh testis (Fig. 5.46B) is eomposed of seminiferous 
tubules and interstitial tissue surrounded by a thiek 
eonneetive tissue capsule (the tunica albuginea). Sper- 
matozoa are produced by the seminiferous tubules. The 
400 to 600 highly eoiled seminiferous tubules are modified 
at eaeh end to beeome straight tubules, which eonneet 
to a eolleeting ehamber (the rete testis) in a thiek, verti- 
eally oriented linear wedge of eonneetive tissue (the medi- 
astinum testis), projeeting from the capsule into the 
posterior aspeet of the gonad. Approximately 12 to 20 
efferent ductules originate from the upper end of the 


rete testis, penetrate the capsule, and eonneet with the 
epididymis. 


In the elinie 

Testicular tumors 

Tumors of the testis account for a small pereentage of 
malignaneies in men. However, they generally occur in 
younger patients (between 20 and 40 years of age). 
When diagnosed at an early stage, most of these tumors 
are curable by surgery and ehemotherapy. 

Early diagnosis of testicular tumor is extremely 
important. Abnormal lumps ean be deteeted by 
palpation, and diagnosis ean be made using ultrasound. 
Simple ultrasound seanning ean reveal the extent of the 
loeal tumor, usually at an early stage. 

Surgical removal of the malignant testis is often 
earried out using an inguinal approaeh. The testis is not 
usually removed through a serotal ineision, because it is 
possible to spread tumor eells into the subcutaneous 
tissues of the serotom, which has a different lymphatie 
drainage than the testis. 


Epididymis 

The epididymis courses along the posterolateral side of 
the testis (Fig. 5.46B). It has two distinet eomponents: 

the efferent ductules, which form an enlarged eoiled 
mass that sits on the posterior superior pole of the testis 
and forms the head of the epididymis; and 
the true epididymis, which is a single, long eoiled duct 
into which the efferent ductules all drain, and which 
continues inferiorly along the posterolateral margin of 
the testis as the body of the epididymis and enlarges 
to form the tail of the epididymis at the inferior pole 
of the testis. 

During passage through the epididymis, spermatozoa 
acquire the ability to move and fertilize an egg.The epididy- 
mis also stores spermatozoa until ejaculation. The end of 
the epididymis is continuous with the ductus deferens. 

Ductus deferens 

The ductus deferens is a long muscular duct that trans- 
ports spermatozoa from the tail of the epididymis in 
the scrotum to the ejaculatory duct in the pelvie eavity 
(Fig. 5.46A). It aseends in the serotmn as a eomponent of 
the spermatie eord and passes through the inguinal eanal 
in the anterior abdominal wall. 

After passing through the deep inguinal ring, the ductus 
deferens bends mediallv around the lateral side of the 



Regional anatomy • Pelvis 


5 


llreter 


External iliae artery 


epígastrie 



Ampiilla 
of ductus 
deferens 


Seminal vesiele 


Ejaculatory ducts 


Ductus deferens 

Musculofascial pouch 


Tail of epididymis 


A 


Tunica vaginalis 


Fig. 5.46 Reproductive system in men. A. Overvievv. 
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Fig. 5.46, eont’d B. Testis and surrounding structures. 


inferior epigastrie artery and erosses the external iliae 
artery and the external iliae vein at the pelvie inlet to enter 
the pelvie eavity. 

The duct deseends medially on the pelvie wall, deep to 
the peritoneum, and erosses the ureter posterior to the 
bladder. It continues inferomedially along the base of the 
bladder, anterior to the rectum, almost to the midline, 
where it is joined by the duct of the seminal vesiele to form 
the ejaculatory duct. 

Between the ureter and ejaculatory duct, the ductus 
deferens expands to form the ampulla of the ductus defer- 
ens. The ejaculatory duct penetrates through the prostate 
gland to eonneet with the prostatie urethra. 


In the elinie 

Vaseetomy 

The ductus deferens transports spermatozoa from the 
tail of the epididymis in the scrotum to the ejaculatory 
duct in the pelvie eavity. Because it has a thiek smooth 
muscle wall, it ean be easily palpated in the spermatie 
eord between thetestes and the superficial inguinal 
ring. Also, because it ean be aeeessed through skin and 
superficial faseia, it is amenable to surgical disseetion 
and surgical division. When this is earried out bilaterally 
(vaseetomy), the patient is rendered sterile—this is a 
useful method for male eontraeeption. 
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Seminal vesiele 

Eaeh seminal vesiele is an aeeessory gland of the male 
reproductive system that develops as a blind-ended tubular 
outgrowth from the ductus deferens (Fig. 5.46A). The tube 
is eoiled with numerous poeket-like outgrowths and is 
encapsulated by eonneetive tissue to form an elongate 
structure situated between the bladder and rectum. The 
gland is immediately lateral to and follows the course of 
the ductus deferens at the base of the bladder. 

The duct of the seminal vesiele joins the ductus deferens 
to form the ejaculatory duct (Fig. 5.47). Seeretions from 
the seminal vesiele contribute signifieantly to the volume 
of the ejaculate (semen). 

Prostate 

The prostate is an unpaired aeeessory structure of the 
male reproductive system that surrounds the urethra in 
the pelvie eavity (Figs. 5.46A and 5.47). It lies immediately 
inferior to the bladder, posterior to the pubic symphysis, 
and anterior to the rectum. 

The prostate is shaped like an inverted rounded eone 
with a larger base, which is continuous above with the 
neek of the bladder, and a narrower apex, which rests 
below on the pelvie floor. The inferolateral surfaces of the 
prostate are in eontaet with the levator ani muscles that 
together eradle the prostate between them. 

The prostate develops as 30 to 40 individual complex 
glands, which grow from the urethral epithelium into the 
surrounding wall of the urethra. Collectively, these glands 
enlarge the wall of the urethra into what is known as the 
prostate; however, the individual glands retain their own 
ducts, which empty independently into the prostatie 
sinuses on the posterior aspeet of the urethral lumen (see 

Fig. 5,44C), 

Seeretions from the prostate, together with seeretions 
from the seminal vesieles, contribute to the formation of 
semen during ejaculation. 

The ejaculatory ducts pass almost vertieally in an 
anteroinferior direetion through the posterior aspeet of the 
prostate to open into the prostatie urethra. 
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Fig. 5.47 The prostate gland. Zonal anatomy 


Bulbo-urethral glands 

The bulbo-urethral glands (see Fig. 5.46A), one on 
eaeh side, are small, pea-shaped mucous glands situated 
within the deep perineal pouch. They are lateral to the 
membranous part of the urethra. The duct from eaeh 
gland passes inferomedially through the perineal mem- 
brane, to open into the bulb of the spongy urethra at the 
root of the penis. 

Together with small glands positioned along the length 
of the spongy urethra, the bulbo-urethral glands eontrib- 
ute to lubrication of the urethra and the pre-ejaculatory 
emission from the penis. 
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ln the elinie 
Prostate problems 

Prostate eaneer is one of the most eommonly diagnosed 
malignaneies in men, and often the disease is advaneed 
at diagnosis. Prostate eaneer typieally occurs in the 
peripheral zone of the prostate (see Fig. 5.47) and is 
relatively asymptomatie. In many eases, it is diagnosed by 
a digital reetal examination (DRE) (Fig. 5.48A) and by 
blood tests, which include serum aeid phosphatase and 
serum prostate-speeifie antigen (PSA). In reetal exams, the 
tumorous prostate feels "roek" hard.The diagnosis is 
usually made by obtaining a number of biopsies of the 
prostate. Ultrasound is used during the biopsy procedure 
to image the prostate for the purpose of taking 
measurements and for needle plaeement. 

Benign prostatie hypertrophy is a disease of the 
prostate that occurs with inereasing age in most men 


(Fig. 5.48B). It generally involves the more eentral regions 
of the prostate (see : ig. 5.47), which gradually enlarge. 
The prostate feels "bulky" on DRE. Owing to the more 
eentral hypertrophie ehange of the prostate, the urethra is 
eompressed, and a urinary outflow obstruction develops 
in a number of patients. With time, the bladder may 
beeome hypertrophied in response to the urinary outflow 
obstruction. In some male patients, the obstruction 
beeomes so severe that urine eannot be passed and 
transurethral or suprapubic eatheterization is neeessary. 
Despite being a benign disease, benign prostatie 
hypertrophy ean therefore have a marked effeet on the 
daily lives of many patients. 


Gentral zone Pubic symphysis Peripheral zone 



Cancer Obturator internus muscle Rectum Obturator internus muscle 


Fig. 5.48 Axial T2-weighted magnetie resonanee images of prostate problems. A. A small prostatie eaneer in the peripheral zone of a 
normal-sized prostate. B. Benign prostatie hypertrophy. 
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In vvomen 

The reproductive traet in women is eontained mainly in the 
pelvie eavity and perineum, although during pregnaney, 
the uterus expands into the abdominal eavity. Major eom- 
ponents of the system eonsist of: 


an ovary on eaeh side, and 

■ a uterus, vagina, and elitoris in the midline (Fig. 5.49). 

In addition, a pair of aeeessory glands (the greater ves- 
tibiilar glands) are assoeiated with the traet. 
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Fig. 5.49 Reproductive system in women. 
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Ovaries 

Like the testes in men, the ovaries develop high on the 
posterior abdominal wall and then deseend before birth, 
bringing with them their vessels, lymphaties, and nerves. 
Unlike the testes, the ovaries do not migrate through the 
inguinal eanal into the perinemn, but stop short and 
assume a position on the lateral wall of the pelvie eavity 
(Fig. 5.50). 


The ovaries are the sites of egg production (oogenesis). 
Mature eggs are ovulated into the peritoneal eavity and 
normally direeted into the adjaeent openings of the uterine 
tubes by eilia on the ends of the uterine tubes. 

The ovaries lie adjaeent to the lateral pelvie wall just 
inferior to the pelvie inlet. Eaeh of the two almond-shaped 
ovaries is about 3 em long and is suspended by a mesentery 
(the mesovarium) that is a posterior extension of the 
broad ligament. 
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Fig. 5.50 Ovaries and broad ligament. 
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ln the elinie 


Ovarian eaneer 

Ovarian eaneer remains one of the major ehallenges in 
oneology. The ovaries eontain numerous eell types, all of 
which ean undergo malignant ehange and require 
different imaging and treatment protoeols and ultimately 
have different prognoses. 

Ovarian tumors most eommonly originate from the 
surface epithelium that eovers the ovary and is continuous 
at a sharp transition zone with the peritoneum of the 
mesovarium. 

Many faetors have been linked with the development 
of ovarian tumors 7 including a strong family history. 

Ovarian eaneer may occur at any age, but more 
typieally it occurs in older women. 

Cancer of the ovaries may spread via the blood and 
lymphaties, and frequently metastasizes direetly into the 
peritoneal eavity. Such direet peritoneal eavity spread 
allows the passage of tumor eells along the paraeolie 
gutters and over the liver from where this disease may 
disseminate easily. Llnfortonately, many patients already 
have metastatie and diffuse disease (Fig. 5.51) at the time 
of diagnosis. 


Tumor 


Bladder 

Pubic 

symphysis 




Fig. 5.51 Sagittal magnetie resonanee image demonstrating 
ovarian eaneer. 


In the elinie 

Imaging the ovary 

The ovaries ean be visualized using ultrasound. If the 
patient drinks enough water, the bladder beeomes 
enlarged and full. This fluid-filled eavity provides an 
excellent acoustic window 7 behind which the uterus 
and ovaries may be identified by transabdominal 
seanning with ultrasound. This technique also allows 
obstetrieians and teehnieians to view a fetus and reeord 
its growth throughout pregnaney. 

Some patients are not suitable for transabdominal 
seanning, in which ease a probe may be passed into the 
vagina, permitting elose visualization of the uterus, the 
eontents of the recto-uterine pouch (pouch of Douglas), 
and the ovaries. The ovaries ean also be visualized 
laparoseopieally. 


Opening of uterine tube 


Líterine tube 



Vagina 


Uterus 

The uterus is a thick-walled muscular organ in the midline 
between the bladder and rectum (see Fig. 5.50). It eonsists 
of a body and a cervix, and inferiorly it joins the vagina 
(Fig. 5.52). Superiorly, uterine tubes projeet laterally from 
the uterus and open into the peritoneal eavity immediately 
adjaeent to the ovaries. 

The body of the uterus is flattened anteroposteriorly 
and, above the level of origin of the uterine tubes 


Fig. 5.52 Uterus. Anterior view. The anterior halves of the uterus 
and vagina have been cut away. 


(Fig. 5.52), has a rounded superior end (fimdiis of the 
uterus). The eavity of the body of the uterus is a narrow 
slit, when viewed laterally, and is shaped like an inverted 
triangle, when viewed anteriorly. Eaeh of the superior 
eorners of the eavity is continuous with the lumen of a 
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uterine tube; the inferior eorner is continuous with the 
eentral eanal of the cervix. 

Implantation of the blastoeyst normally occurs in the 
body of the uterus. During pregnaney, the uterus dramati- 
eally expands superiorly into the abdominal eavity. 


In the elinie 

Hystereetomy 

A hystereetomy is the surgical removal of the uterus. 
This is usually eomplete excision of the body, fundus, 
and cervix of the uterus, though oeeasionally the cervix 
may be left in situ. In some instanees the uterine 
(fallopian) tubes and ovaries are removed as well. This 
procedure is ealled a total abdominal hystereetomy and 
bilateral salpingo-oophoreetomy. 

Hystereetomy, oophoreetomy, and salpingo- 
oophoreetomy may be performed in patients who have 
reproductive malignaney, such as uterine, eervieal, and 
ovarian eaneers. Other indieations include a strong 
family history of reproductive disorders, endometriosis, 
and excessive bleeding. Oeeasionally the uterus may 
need to be removed postpartum because of excessive 
postpartum bleeding. 

A hystereetomy is performed through a transverse 
suprapubic ineision (Pfannenstiel's ineision). During the 
procedure tremendous eare is taken to identify the 
distal ureters and to ligate the nearby uterine arteries 
without damage to the ureters. 


Llterine tubes 

The uterine tubes extend from eaeh side of the siiperior 
end of the body of the uterus to the lateral pelvie wall and 
are enelosed within the upper margins of the mesosalpinx 
portions of the broad ligaments (see p. 483). Because the 
ovaries are suspended from the posterior aspeet of the 
broad ligaments, the uterine tubes pass superiorly over, 
and terminate laterally to, the ovaries. 

Eaeh uterine tube has an expanded trumpet-shaped end 
(the infiindibiiliim), which curves aroundthe superolat- 
eralpole of therelatedovary (Fig. 5.53). Themarginof the 
infundibulum is rimmed with small finger-like projeetions 
termed fimbriae. The lumen of the uterine tube opens into 
the peritoneal eavity at the narrowed end of the infundibu- 
lum. Medial to the infundibulum, the tube expands to form 
the ampulla and then narrows to form the isthimis, 
before joining with the body of the uterus. 

The fimbriated infundibulum faeilitates the eolleetion of 
ovulated eggs from the ovary. Fertilization normally occurs 
in the ampulla. 
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Fig. 5.53 Llterine tubes. 
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ln the elinie 

Tubal ligation 

After ovalation, the unfertilized egg is gathered by the 
fimbriae of the uterine tube. The egg passes into 
the uterine tube vvhere it is normally fertilized in the 
ampulla. The zygote then begins development and 
passes into the uterine eavity vvhere it implants in the 
uterine wall. 

A simple and effeetive method of birth eontrol is to 
surgically ligate (elip) the uterine tubes, preventing 
spermatozoa from reaehing ova.This simple short 
procedure is performed under general anesthetie. A 
small laparoseope is passed into the peritoneal eavity 
and speeial equipment is used to identify the tubes. 


Cervix 

The cervix forms the inferior part of the uterus and is 
shaped like a short, broad eylinder with a narrow eentral 
ehannel. The body of the uterus normally arehes forward 
(anteflexed on the cervix) over the superior surface of the 
emptied bladder (Fig. 5.54A). In addition, the cervix is 
angled forward (anteverted) on the vagina so that the infe- 
rior end of the cervix projeets into the upper anterior 
aspeet of the vagina. Because the end of the cervix is dome 
shaped, it bulges into the vagina, and a gutter, or fornix, is 
formed around the margin of the cervix where it joins the 
vaginal wall (Fig. 5.54B). The tubular eentral eanal of the 
cervix opens, below, as the external os, into the vaginal 
eavity and, above, as the internal os, into the uterine 
eavity. 



Internal os 


B 



Posterior 

fornix 


External os 


Fig. 5.54 Uterus and vagina. A. Angles of anteflexion and 
anteversion. B. The cervix protmdes into the vagina. 
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ln the elinie 

Carcinoma of the cervix and uterus 

Carcinoma of the cervix (Fig. 5.55) and uterus is a 
eommon disease in women. Diagnosis is by inspeetion, 
eytology (examination of the eervieal eells), imaging, 
biopsy, and dilatation and curettage (D&C) of the 
uterus. 

Carcinoma of the cervix and uterus may be treated 
by loeal reseetion, removal of the uterus (hystereetomy), 
and adjuvant ehemotherapy. The tumor spreads via 
lymphaties to the internal and eommon iliae lymph 
nodes. 



Fig. 5.55 Picture taken through a speculum inserted into the 
vagina demonstrating eervieal eaneer. See Fig. 5.83E on 
p. 524 f or a view of the normal cervix. 


Vagina 

The vagina is the copulatory organ in women. It is a 
distensible fìbromuscular tube that extends from the 
perineum through the pelvie floor and into the pelvie eavity 
(Fig. 5.56A). The internal end of the eanal is enlarged to 
480 form a region ealled the vaginal vault. 
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Fig. 5.56 Vagina. A. Left half of pelvis cut away. B. Vaginal 
forniees and cervix as viewed through a speculum. 


The anterior wall of the vagina is related to the base of 
the bladder and to the urethra; in faet, the urethra is 
embedded in, or fused to, the anterior vaginal wall. 

Posteriorly, the vagina is related prineipally to the 
rectum. 

Inferiorly, the vagina opens into the vestibule of the 
perineum immediately posterior to the external opening of 
the urethra. From its external opening (the introitus), the 
vagina courses posterosuperiorly through the perineal 
membrane and into the pelvie eavity, where it is attaehed 
by its anterior wall to the circular margin of the cervix. 

The vaginal fornix is the reeess formed between the 
margin of the cervix and the vaginal wall. Based on posi- 
tion, the fornix is subdivided into a posterior fornix, an 
anterior fornix, and two lateral forniees (Fig. 5.56A and 
see Fig. 5.54). 

The vaginal eanal is normally eollapsed so that the ante- 
rior wall is in eontaet with the posterior wall. By using a 
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speculum to open the vaginal eanal, a physieian ean see 
the domed inferior end of the cervix, the vaginal forniees, 
and the external os of the eervieal eanal in a patient 

(Fig. 5.56B). 

During intercourse, semen is deposited in the vaginal 
vault. Spermatozoa make their way into the external os of 
the eervieal eanal, pass through the eervieal eanal into the 
uterine eavity, and then continue through the uterine 
eavity into the uterine tubes where fertilization normally 
occurs in the ampulla. 

Faseia 

Faseia in the pelvie eavity lines the pelvie walls, surrounds 
the bases of the pelvie viseera, and forms sheaths around 
blood vessels and nerves that course medially from the 
pelvie walls to reaeh the viseera in the midline. This pelvie 
faseia is a continuation of the extraperitoneal eonneetive 
tissue layer found in the abdomen. 

In women 

In women, a reetovaginal septum separates the posterior 
surface of the vagina from the rectum (Fig. 5.57A). Con- 
densations of faseia form ligaments that extend from the 
cervix to the anterior (pubocervical ligament), lateral 
(transverse eervieal or eardinal ligament), and poste- 
rior (uterosacral ligament) pelvie walls (Fig. 5.57A). 
These ligaments, together with the perineal membrane, the 
levator ani imiseles, and the perineal body, are thought to 
stabilize the uterus in the pelvie eavity. The most important 
of these ligaments are the transverse eervieal or eardinal 
ligaments, which extend laterally from eaeh side of the 
cervix and vaginal vault to the related pelvie wall. 


In the elinie 

The reeto-iiterine pouch 

The recto-uterine pouch (pouch of Douglas) is an 
extremely important elinieal region situated between 
the rectum and uterus.When the patient is in the 
supine position, the recto-uterine pouch is the lowest 
portion of the abdominopelvie eavity and is a site where 
infeetion and fluids typieally eolleet. It is impossible to 
palpate this region transabdominally, but it ean be 
examined by transvaginal and transreetal digital 
palpation. If an abseess is suspected, it may be drained 
through the vagina or the rectum without neeessitating 
transabdominal surgery. 


In men 

In men, a eondensation of faseia around the anterior and 
lateral region of the prostate (prostatie faseia) eontains 
and surrounds the prostatie plexus of veins and is continu- 
ous posteriorly with the reetovesieal septum, which 
separates the posterior surface of the prostate and base of 
the bladder from the rectum (Fig. 5.57B). 

Peritoneum 

The peritoneum of the pelvis is continuous at the pelvie 
inlet with the peritoneum of the abdomen. In the pelvis, 
the peritoneum drapes over t he pel vie viseera in t he midline, 
forming: 

pouches between adjaeent viseera, and 
■ folds and ligaments between viseera and pelvie walls. 


481 




Pelvis and Perineiim 


A 



Reetovaginal septum 



septum 


B 




Anal eanal 


Poboprostatìe ligament 


Prosìate 


Prostatie faseia 


Prostatie plexus of veins 


Fig. 5.57 Pelvie faseia. A. In women. B. In men. 
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Anteriorly, median and medial umbilical folds of perito- 
neum eover the embryologieal remnants of the urachus 
and umbilical arteries, respeetively (Fig. 5.58). These folds 
aseend out of the pelvis and onto the anterior abdominal 
wall. Posteriorly, peritoneum drapes over the anterior and 
lateral aspeets of the upper third of the rectum, but only 
the anterior surface of the middle third of the rectum is 
eovered by peritoneum; the lower third of the rectum is not 
eovered at all. 

In women 

In women, the uterus lies between the bladder and rectum, 
and the uterine tubes extend from the superior aspeet of 
the uterus to the lateral pelvie walls (Fig. 5.58A). As a 
consequence, a shallow vesico-uterine pouch occurs 
anteriorly, between the bladder and uterus, and a deep 
recto-uterine pouch (pouch of Douglas) occurs posteri- 
orly, between the uterus and rectum. In addition, a large 
fold of peritoneum (the broad ligament), with a uterine 
tube enelosed in its superior margin and an ovary attaehed 
posteriorly, is loeated on eaeh side of the uterus and extends 
to the lateral pelvie walls. 

In the midline, the peritoneum deseends over the 
posterior surface of the uterus and cervix and onto the 
vaginal wall adjaeent to the posterior vaginal fornix. It 
then refleets onto the anterior and lateral walls of the 
rectum. The deep pouch of peritoneum formed between 
the anterior surface of the rectum and posterior surfaces 
of the uterus, cervix, and vagina is the recto-uterine 
pouch. A sharp siekle-shaped ridge of peritoneum (reeto- 
uterine fold) occurs on eaeh side near the base of the 
recto-uterine pouch. The recto-uterine folds overlie the 
uterosacral ligaments, which are eondensations of 
pelvie faseia that extend from the cervix to the posterolat- 
eral pelvie walls. 

Broad ligament 

The broad ligament is a sheet-like fold of peritonemn, 
oriented in the eoronal plane that runs from the lateral 


pelvie wall to the uterus, and eneloses the uterine tube in 
its superior margin and suspends the ovary from its poste- 
rior aspeet (Fig. 5.58A). The uterine arteries eross the 
ureters at the base of the broad ligaments, and the liga- 
ment of the ovary and round ligament of the uterus are 
enelosed within the parts of the broad ligament related to 
the ovary and uterus, respeetively. The broad ligament has 
three parts: 

the mesometrmm, the largest part of the broad liga- 
ment, which extends from the lateral pelvie walls to the 
body of the uterus; 

■ the mesosalpinx, the most superior part of the broad 
ligament, which suspends the uterine tube in the pelvie 
eavity; and 

■ the mesovarhim, a posterior extension of the broad liga- 
ment, which attaehes to the ovary. 

The peritoneum of the mesovarium beeomes fìrmly 
attaehed to the ovary as the surface epithelium of the 
ovary. The ovaries are positioned with their long axis in 
the vertieal plane. The ovarian vessels, nerves, and lym- 
phaties enter the superior pole of the ovary from a lateral 
position and are eovered by another raised fold of perito- 
neum, which with the structures it eontains forms 
the suspensory ligament of the ovary (infundibulo- 
pelvie ligament). 

The inferior pole of the ovary is attaehed to a fibromus- 
cular band of tissue (the ligament of the ovary), which 
courses medially in the margin of the mesovarium to the 
uterus and then continues anterolaterally as the round 
ligament of the uterus (Fig. 5.58A). The round ligament 
of the uterus passes over the pelvie inlet to reaeh the deep 
inguinal ring and then courses through the inguinal eanal 
to end in eonneetive tissue related to the labhim majus in 
the perineum. Both the ligament of the ovary and the 
round ligament of the uterus are remnants of the guber- 
naculum, which attaehes the gonad to the labioserotal 
swellings in the embryo. 
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Fig.5.58 Peritoneum in the pelvis. A. In women. 
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Inferior epigastrie artery 
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Fig. 5.58, eont'd B. In men 


ln men 

In men, the viseeral peritoneum drapes over the top of the 
bladder onto the superior poles of the seminal vesieles 


and then refleets onto the anterior and lateral surfaces of 
the rectum (Fig. 5.58B). A reetovesieal pouch occurs 
between the bladder and rectum. 
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Nerves 

Somatie plexuses 

Saeral and eoeeygeal plexuses 

The saeral and eoeeygeal plexuses are situated on the pos- 
terolateral wall of the pelvie eavity and generally occur in 
the plane between the muscles and blood vessels. They are 


formed by the ventral rami of S1 to Co, with a signifieant 
contribution from L4 and L5, which enter the pelvis from 
the lumbar plexus (Fig. 5.59). Nerves from these mainly 
somatie plexuses contribute to the innervation of the lower 
limb and muscles of the pelvis and perineum. Cutaneous 
branehes supply skin over the medial side of the foot, 
the posterior aspeet of the lower limb, and most of the 
perineum. 
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Fig.5.59 Saeral and eoeeygeal plexuses. 
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Saeral plexus 

The saeral plexus on eaeh side is formed by the anterior 
rami of S1 to S4, and the himbosaeral trunk (L4 and L5) 
(Fig. 5.60). The plexus is formed in relation to the anterior 
surface of the piriformis muscle, which is part of the pos- 
terolateral pelvie wall. Saeral contributions to the plexus 
pass out of the anterior saeral foramina and course 


laterally and inferiorly on the pelvie wall. The lumbosacral 
tmnk, eonsisting of part of the anterior ramus of L4 and 
all of the anterior ramus of L5, courses vertieally into the 
pelvie eavity from the abdomen by passing immediately 
anterior to the saero-iliae joint. 

Gray rami communicantes from ganglia of the sympa- 
thetie trunk eonneet with eaeh of the anterior rami and 
earry postganglionie sympathetie fibers destined for the 
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Fig. 5.60 Components and branehes of the saeral and eoeeygeal plexuses. 
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periphery to the somatie nerves (Fig. 5.61). In addition, 
speeial viseeral nerves (pelvie splanehnie nerves) origi- 
nating from S2 to S4 deliver preganglionie parasympa- 
thetie fibers to the pelvie part of the prevertebral plexus 

(Figs. 5.59 and 5.60). 

Eaeh anterior ramus has ventral and dorsal divisions 
that eombine with similar divisions from other levels to 
form terminalnerves (Fig. 5.60). The anterior ramus of S4 
has only a ventral division. 

Branehes of the saeral plexus include the seiatie nerve 
and gluteal nerves, which are major nerves of the lower 
limb, and the pudendal nerve, which is the nerve of the 
perineum (Table 5.4). Numerous smaller branehes supply 
the pelvie wall, floor, and lower limb. 

Most nerves originating from the saeral plexus leave the 
pelvie eavity by passing through the greater seiatie foramen 
inferior to the piriformis muscle, and enter the gluteal 


region of the lower limb. Other nerves leave the pelvie 
eavity using different routes; a few nerves do not leave the 
pelvie eavity and course direetly into the muscles in the 
pelvie eavity. Finally, two nerves that leave the pelvie eavity 
through the greater seiatie foramen loop around the isehial 
spine and sacrospinous ligament and pass medially through 
the lesser seiatie foramen to supply structures in the 
perineum and lateral pelvie wall. 

Seiatie nerve. The seiatie nerve is the largest nerve of the 
body and earries contributions from L4 to S3 (Figs. 5.59 
and 5.60). It: 

■ forms on the anterior surface of the piriformis muscle 
and leaves the pelvie eavity through the greater seiatie 
foramen inferior to the piriformis; 
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Fig.5.61 Sympathetie trunks in the pelvis. 















Table 5.4 Branehes of the saeral and eoeeygeal plexuses (spinal segments in parentheses do not eonsistently partieipate) 

Braneh 


SACRALPLEXUS 

Seiatie 



Tibial part 



Common fibular part 



Piidendal 



Superior gluteal 



Inferior gluteal 



Nerve to obturator 
internus and superior 
gemellus 


Spinal segments Motor function 

L4 to S3 All muscles in the posterior or hamstring eompartment of the thigh (including the 

hamstring part of the adductor magnus) exceptforthe short head of the bieeps 
All muscles in the posterior eompartment of the leg 
All muscles in the sole of the foot 

Sensory (cutaneous) function 

Skin on posterolateral and lateral surfaces of foot and sole of foot 

L4 to S2 Motor function 

Short head of bieeps in the posterior eompartment of the thigh 

All muscles in the anterior and lateral eompartments of the leg 

Extensor digitorum brevis in the foot (also contributes to the supply of the first dorsal 

interosseous muscle) 

Sensory (cutaneous) function 

Skin on the anterolateral surface of the leg and dorsal surface of the foot 

S2 to S4 Motor function 

Skeletal muscles in the perineum including the external urethral and anal sphineters 
and levator ani (overlaps in supply ofthe levator ani and external sphineter with 
branehes direetly from ventral division of S4) 

Sensory (cutaneous) function 

Most skin of the perineum. Penis and elitoris 

L4toS1 Motor f unction 

Gluteus medius, gluteus minimus, and tensor faseiae latae 


L5 to S2 Motor function 

Gluteus maximus 


L5 to S2 Motor function 

Obturator internus and superior gemellus 


(continues) 
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Table 5.4 


Branehes of the saeral and eoeeygeal plexuses (spinal segments in parentheses do not eonsistently partieipate)—eont'd 


Braneh 



Nerve to quadratus 
femoris and inferior 
gemellus 



Posterior femoral 
cutaneous (posterior 
cutaneous nerve of thigh) 










Perforating cutaneous 



Nerve to piriformis 



Nerves to levator ani, 
coccygeus, and external 
anal sphineter 

Pelvie splanehnie nerves 


L4 to S1 


S1,S3 


S2, S3 


S1,S2 



S2, S3 (4) 


COCCYGEAL PLEXUS 

S4 to Co 


Anoeoeeygeal nerves 



Motor function 

Quadratus femoris and inferior gemellus 


Sensory (cutaneous) function 

Skin on the posterior aspeet of the thigh 


Sensory (cutaneous) function 

Skin over gluteal fold (overlaps with posterior femoral cutaneous) 


Motor function 

Piriformis muscle 


Motor function 

Levator ani, coccygeus, and external anal sphineter. (Overlaps with pudendal nerve) 

Sensory (cutaneous) function 

Small pateh of skin between anus and coccyx 


Motor (viseeral) function 

Viseeral motor (preganglionie parasympathetie) to pelvie part of prevertebral plexus 
Stimulate ereetion, modulate mobility in gastrointestinal system distal to the left eolie 
flexure, inhibitory to internal urethral sphineter 

Sensory (viseeral) function 

Viseeral afferents (that follow the parasympatheties) from pelvie viseera and distal 
parts of eolon. Pain from cervix and possibly from bladder and proximal urethra 


Sensory (cutaneous) function 

Perianal skin 
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passes through the gluteal region into the thigh, where 
it divides into its two major branehes, the eommon 
fibular nerve (eommon peroneal nerve) and the tibial 
nerve—dorsaldivisions of L4, L5, Sl, and S2 are earried 
in the eommon fibular part of the nerve and the ventral 
divisions of L4, L5, Sl, S2, and S3 are earried in the 
tibial part; 

innervates muscles in the posterior eompartment of the 
thigh and muscles in the leg and foot; and 
earries sensory fibers from the skin of the foot and 
lateralleg. 

Pudendal nerve. The piidendal nerve forms anteriorly to 

the lower part of the piriformis muscle from ventral divi- 

sions of S2 to S4 (Figs. 5.59 and 5.60). It: 

■ leaves the pelvie eavity through the greater seiatie 
foramen, inferior to the piriformis muscle, and enters 
the gluteal region; 

courses into the perineum by immediately passing 
around the sacrospinous ligament, where the ligament 
joins the isehial spine, and through the lesser seiatie 
foramen (this course takes the nerve out of the pelvie 
eavity, around the peripheral attaehment of the pelvie 
floor, and into the perineum); 

is aeeompanied throughout its course by the internal 
pudendal vessels; and 

innervates skin and skeletal muscles of the perineum, 
including the external anal and external urethral 
sphineters. 


In the elinie 
Pudendal bloek 

Pudendal bloek anesthesia is performed to relieve the 
pain assoeiated with ehildbirth. Although the use of this 
procedure is less eommon sinee the widespread 
adoption of epidural anesthesia, it provides an excellent 
option for women who have a eontraindieation to 
neuraxial anesthesia (e.g v spinal anatomy, low platelets, 
too elose to delivery). Pudendal bloeks are also used for 
eertain types of ehronie pelvie pain.The injeetion is 
usually given where the pudendal nerve erosses the 
lateral aspeet of the sacrospinous ligament near its 
attaehment to the isehial spine. During ehildbirth, a 
finger inserted into the vagina ean palpate the isehial 
spine.The needle is passed transcutaneously to the 
medial aspeet of the isehial spine and around the 
sacrospinous ligament. Infiltration is performed and the 
perineum is anesthetized. 


Other branehes of the saeral plexus. Other branehes of the 
saeral plexus include: 

motor branehes to muscles of the gluteal region, pelvie 
wall, and pelvie floor (superior and inferior gluteal 
nerves, nerve to obturator internus and superior gemel- 
lus, nerve to quadratus femoris and inferior gemellus, 
nerve to piriformis, nerves to levator ani); and 
sensory nerves to skin over the inferior gluteal region 
and posterior aspeets of the thigh and upper leg (perfo- 
rating cutaneous nerve and posterior cutaneous nerve 
of the thigh) (Figs. 5.59 and 5.60). 

The superior gliiteal nerve, formed by branehes from 
the dorsal divisions of L4 to Sl, leaves the pelvie eavity 
through the greater seiatie foramen superior to the pirifor- 
mis muscle and supplies muscles in the ghiteal region— 
gluteus medius, gluteus minimus, and tensor faseiae 
latae (tensor of faseia lata) muscles. 

The inferior gluteal nerve, formed by branehes from 
the dorsal divisions of L5 to S2, leaves the pelvie eavity 
through the greater seiatie foramen inferior to the pirifor- 
mis muscle and supplies the gluteus maximus, the largest 
imisele in the gluteal region. 

Both superior and inferior gluteal nerves are aeeompa- 
nied by eorresponding arteries. 

The nerve to the obturator internus and the assoei- 
ated superior gemellus muscle originates from the 
ventral divisions of L5 to S2 and leaves the pelvie eavity 
through the greater seiatie foramen inferior to the pirifor- 
mis muscle. Like the pudendal nerve, it passes around the 
isehial spine and through the lesser seiatie foramen to 
enter the perineum and supply the obturator internus 
imisele from the medial side of the nrnsele, inferior to the 
attaehment of the levator ani nrnsele. 

The nerve to the quadratus femoris muscle and the 
inferior gemellus muscle, and the posterior cutaneous 
nerve of the thigh (posterior femoral cutaneous 
nerve) also leave the pelvie eavity through the greater 
seiatie foramen inferior to the piriformis nmsele and course 
to muscles and skin, respeetively, in the lower limb. 

Unlike most of the other nerves originating from the 
saeral plexus, which leave the pelvie eavity through the 
greater seiatie foramen either above or below the piriformis 
muscle, the perforating cutaneous nerve leaves the 
pelvie eavity by penetrating direetly through the sacrotu- 
berous ligament and then courses to skin over the inferior 
aspeet of the buttocks. 

The nerve to the piriformis and a number of small 
nerves to the levator ani and coccygeus nmseles originate 
from the saeral plexus and pass direetly into their target 
muscles without leaving the pelvie eavity. 
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The obturator nerve (L2 to L4) is a braneh of the 
liimbar plexus. It passes inferiorly along the posterior 
abdominal wall within the psoas muscle, emerges from the 
medial surface of the psoas, passes posteriorly to the 
eommon iliae artery and medially to the internal iliae 
artery at the pelvie inlet, and then courses along the lateral 
pelvie wall. It leaves the pelvie eavity by traveling through 
the obturator eanal and supplies the adductor region of the 
thigh. 

Coccygeal plexus 

The small eoeeygeal plexus has a minor contribution from 
S4 and is formed mainly by the anterior rami of S5 and 
Co, which originate inferiorly to the pelvie floor. They pen- 
etrate the coccygeus muscle to enter the pelvie eavity 
and join with the anterior ramus of S4 to form a single 


trunk, from which small anoeoeeygeal nerves originate 
(Lable 5.4). These nerves penetrate the muscle and the 
overlying sacrospinous and sacrotuberous ligaments and 
pass superficially to innervate skin in the anal triangle of 
the perineum. 

Viseeral plexuses 

Paravertebral sympathetie ehain 

The paravertebral part of the viseeral nervous system is 
represented in the pelvis by the inferior ends of the sympa- 
thetie tmnks (Fig. 5.62A). Eaeh trank enters the pelvie 
eavity from the abdomen by passing over the ala of the 
saeram medially to the lumbosacral tranks and posteriorly 
to the iliae vessels. The trunks course inferiorly along the 
anterior surface of the saeram, where they are positioned 
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Fig. 5.62 Pelvie extensions of the prevertebral plexus. A. Anterior view. 
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Fig. 5.62, eont’d B. Anteromedial view of right side of plexus. 
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medially to the anterior saeral foramina. Four ganglia 
occur along eaeh trunk. Anteriorly to the coccyx, the two 
trnnks join to form a single small terminal ganglion (the 

ganglion impar). 

The prineipal function of the sympathetie tranks in the 
pelvis is to deliver postganglionie sympathetie fibers to the 
anterior rami of saeral nerves for distribution to the periph- 
ery, mainly to parts of the lower limb and perinemn. This 
is aeeomplished by gray rami communicantes, which 
eonneet the trunks to the saeral anterior rami. 

In addition to gray rami eomiminieantes, other branehes 
(the saeral splanehnie nerves) join and contribute to the 
pelvie part of the prevertebral plexus assoeiated with 
innervating pelvie viseera (Fig. 5.62A). 

Pelvie extensions of the prevertebral plexus 

The pelvie parts of the prevertebral plexus earry sympa- 
thetie, parasympathetie, and viseeral afferent fibers 
(Fig. 5.62A). Pelvie parts of the plexus are assoeiated with 
innervating pelvie viseera and ereetile tissues of the 
perineum. 

The prevertebral plexus enters the pelvis as two hypo- 
gastrie nerves, one on eaeh side, that eross the pelvie inlet 
medially to theinternaliliae vessels (Fig. 5.62A). Thehypo- 
gastrie nerves are formed by the separation of the fibers in 
the superior hypogastrie plexus, into right and left 
bundles. The superior hypogastrie plexus is situated ante- 
rior to vertebra LV between the promontory of the sacrum 
and the bifurcation of the aorta. 

When the hypogastrie nerves are joined by pelvie 
splanehnie nerves earrying preganglionie parasympa- 

thetie fibers from S2 to S4, the pelvie plexuses (inferior 
hypogastrie plexuses) are formed (Fig. 5.62). The infe- 
rior hypogastrie plexuses, one on eaeh side, course in an 
inferior direetion around the pelvie walls, medially to major 
vessels and somatie nerves. They give origin to the follow- 
ing subsidiary plexuses, which innervate the pelvie viseera: 

■ the reetal plexus, 

the uterovaginal plexus, 

the prostatie plexus, and 

■ the vesieal plexus. 

Terminal branehes of the inferior hypogastrie plexuses 
penetrate and pass through the deep perineal pouch and 
innervate ereetile tissues of the penis and the elitoris in the 
perineum (Fig. 5.62B). In men, these nerves, ealled eav- 
ernous nerves, are extensions of the prostatie plexus. The 


pattern of distribution of similar nerves in women is not 
entirely elear, but they are likely extensions of the utero- 
vaginal plexus. 

Sympathetie fibers 

Sympathetie fibers enter the inferior hypogastrie plexuses 
from the hypogastrie nerves and from branehes (saeral 
splanehnie nerves) of the upper saeral parts of the sympa- 
thetie trunks (Fig. 5.62A). Ultimately, these nerves are 
derived from preganglionie fibers that leave the spinal eord 
in the anterior roots, mainly of TIO to L2. These fibers: 

■ innervate blood vessels, 

■ cause eontraetion of smooth muscle in the internal ure- 
thral sphineter in men and the internal anal sphineters 
in both men and women, 

cause smooth muscle eontraetion assoeiated with the 
reproductive traet and with the aeeessory glands of the 
reproductive system, and 

■ are important in moving seeretions from the epididymis 
and assoeiated glands into the urethra to form semen 
during ejaculation. 

Parasympathetie fibers 

Parasympathetie fibers enter the pelvie plexus in pelvie 
splanehnie nerves that originate from spinal eord levels S2 
to S4 (Fig. 5.62A). They: 

are generally vasodilatory, 
stimulate bladder eontraetion, 

■ stimulate ereetion, and 

modulate aetivity of the enterie nervous system of the 
eolon distal to the left eolie flexure (in addition to pelvie 
viseera, some of the fibers from the pelvie plexus course 
superiorly in the prevertebral plexus, or as separate 
nerves, and pass into the inferior mesenterie plexus of 
the abdomen). 

Viseeral afferent fibers 

Viseeral afferent fibers follow the course of the sympathetie 
and parasympathetie fibers to the spinal eord. Afferent 
fibers that enter the eord in lower thoraeie levels and 
lumbar levels with sympathetie fibers generally earry pain; 
however, pain fibers from the cervix and some pain fibers 
from the bladder and urethra may aeeompany parasympa- 
thetie nerves to saeral levels of the spinal eord. 
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ln the elinie 

Prostateetomy and impotenee 

It may be neeessary to perform radieal surgery to cure 
eaneer of the prostate. To do this r the prostate and its 
attaehments around the base of the bladder, including 
the seminal vesieles, must be removed en masse. Parts 
of the inferior hypogastrie plexus in this region give rise 
to nerves that innervate the ereetile tissues of the penis. 
impotenee may occur if these nerves eannot be or are 
not preserved during removal of the prostate. 

For the same reasons, women may experience sexual 
dysfunction if similar nerves are damaged during pelvie 
surgery, for example, during a total hystereetomy. 


Blood vessels 

Arteries 

The major artery of the pelvis and perineum is the internal 
iliae artery on eaeh side (Fig. 5.63). In addition to provid- 
ing a blood supply to most of the pelvie viseera, pelvie walls 
and floor, and structures in the perineum, including eree- 
tile tissues of the elitoris and the penis, this artery gives 
rise to branehes that follow nerves into the gluteal region 
of the lower limb. Other vessels that originate in the 
abdomen and contribute to the supply of pelvie structures 
include the median saeral artery and, in women, the 
ovarian arteries. 
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Fig. 5.63 Branehes of the posterior trunk of the internal iliae artery. 
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Internal iliae artery 

The internal iliae artery originates from the eommon iliae 
artery on eaeh side, approximately at the level of the inter- 
vertebral dise between LV and SI, and lies anteromedial to 
the saero-iliae joint (Fig. 5.63). The vessel courses inferi- 
orly over the pelvie inlet and then divides into anterior and 
posterior trunks at the level of the superior border of the 
greater seiatie foramen. Branehes from the posterior trunk 
contribute to the supply of the lower posterior abdominal 
wall, the posterior pelvie wall, and the ghiteal region. 
Branehes from the anterior trunk supply the pelvie viseera, 
the perineum, the ghiteal region, the adductor region of 
the thigh, and, in the fetus, the plaeenta. 

Posterior trunk 

Branehes of the posterior trunk of the internal iliae artery 
are the iliolumbar artery, the lateral saeral artery, and the 
superior gluteal artery (Fig. 5.63). 

The ilioliimbar artery aseends laterally baek out of 
the pelvie inlet and divides into a lumbar braneh and an 
iliae braneh. The lumbar braneh contributes to the 
supply of the posterior abdominal wall, psoas and qua- 
dratus lumborum muscles, and cauda equina, via a 
small spinal braneh that passes through the interverte- 
bral foramen between LV and SI. The iliae braneh passes 
laterally into the iliae fossa to supply muscle and bone. 
The lateral saeral arteries, usually two, originate 
from the posterior division of the internal iliae artery 
and course medially and inferiorly along the posterior 
pelvie wall. They give rise to branehes that pass into the 
anterior saeral foramina to supply related bone and soft 
tissues, structures in the vertebral (saeral) eanal, and 
skin and imisele posterior to the saemrn. 

The superior gluteal artery is the largest braneh of 
the internal iliae artery and is the terminal continua- 
tion of the posterior trunk. It courses posteriorly, usually 
passing between the lumbosacral trunk and anterior 
ramus of Sl, to leave the pelvie eavity through the 
greater seiatie foramen above the piriformis muscle and 
enter the ghiteal region of the lower limb. This vessel 
makes a substantial contribution to the blood supply of 
muscles and skin in the gluteal region and also supplies 
branehes to adjaeent muscles and bones of the pelvie 
walls. 


Anterior trunk 

Branehes of the anterior trunk of the internal iliae artery 
include the superior vesieal artery, the umbilical artery, the 
inferior vesieal artery, the middle reetal artery, the uterine 
artery, the vaginal artery, the obturator artery, the internal 
pudendal artery, and the inferior gluteal artery (Fig. 5.64). 

The first braneh of the anterior trunk is the umbilical 
artery, which gives origin to the superior vesieal artery 
and then travels forward just inferior to the margin of 
the pelvie inlet. Anteriorly, the vessel leaves the pelvie 
eavity and aseends on the internal aspeet of the anterior 
abdominal wall to reaeh the umbilicus. In the fetus, the 
umbilical artery is large and earries blood from the 
fetus to the plaeenta. After birth, the vessel eloses dis- 
tally to the origin of the superior vesieal artery and 
eventually beeomes a solid fibrous eord. On the anterior 
abdominal wall, the eord raises a fold of peritoneum 
termed the medial umbilical fold. The fibrous remnant 
of the umbilical artery itself is the medial umbilical 
ligament. 

The superior vesieal artery normally originates from 
the root of the umbilical artery and courses medially 
and inferiorly to supply the superior aspeet of the 
bladder and distal parts of the ureter. In men, it also may 
give rise to an artery that supplies the ductus deferens. 
The inf erior vesieal artery occurs in men and supplies 
branehes to the bladder, ureter, seminal vesiele, and 
prostate. The vaginal artery in women is the equiva- 
lent of the inferior vesieal artery in men and, deseend- 
ing to the vagina, supplies branehes to the vagina and 
to adjaeent parts of the bladder and rectum. 

■ The middle reetal artery courses medially to supply 
the rectum. The vessel anastomoses with the superior 
reetal artery, which originates from the inferior mesen- 
terie artery in the abdomen, and the inferior reetal 
artery, which originates from the internal pudendal 
artery in the perineum. 

■ The obturator artery courses anteriorly along the 
pelvie wall and leaves the pelvie eavity via the obturator 
eanal. Together with the obturator nerve, above, and 
obturator vein, below, it enters and supplies the adduc- 
tor region of the thigh. 

The internal pudendal artery courses inferiorly from 
its origin in the anterior trunk and leaves the pelvie 
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Fig. 5.64 Branehes of the anterior trunk of the internal iliae artery. A. Male 


eavity through the greater seiatie foramen inferior to 
the piriformis muscle. In assoeiation with the pudendal 
nerve on its medial side, the vessel passes laterally to the 
isehial spine and then through the lesser seiatie foramen 
to enter the perineum. The internal pudendal artery is 
the main artery of the perineum. Among the structures 
it supplies are the ereetile tissues of the elitoris and the 
penis. 


The inferior gluteal artery is a large terminal braneh 
of the anterior trunk of the internal iliae artery. It passes 
between the anterior rami S1 and S2 or S2 and S3 of 
the saeral plexus and leaves the pelvie eavity through 
the greater seiatie foramen inferior to the piriformis 
muscle. It enters and contributes to the blood supply of 
the gluteal region and anastomoses with a network of 
vessels around the hip joint. 
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The uterine artery in women courses medially and 
anteriorly in the base of the broad ligament to reaeh 
the cervix (Figs. 5.64B and 5.65). Along its course, the 
vessel erosses the ureter and passes superiorly to the 
lateral vaginal fornix. Onee the vessel reaehes the cervix, 
it aseends along the lateral margin of the uterus to 
reaeh the uterine tube, where it curves laterally and 
anastomoses with the ovarian artery. The uterine artery 
is the major blood supply to the uterus and enlarges 
signifieantly during pregnaney. Through anastomoses 
with other arteries, the vessel contributes to the blood 
supply of the ovary and vagina as well. 

Ovarian arteries 

In women, the gonadal (ovarian) vessels originate from the 
abdominal aorta and then deseend to eross the pelvie inlet 
and supply the ovaries. They anastomose with terminal 


parts of the uterine arteries (Fig. 5.65). On eaeh side, the 
vessels travel in the suspensory ligament of the ovary 
(the infundibulopelvic ligament) as they eross the 
pelvie inlet to the ovary. Branehes pass through the mes- 
ovarhim to reaeh the ovary and through the mesometrhim 
of the broad ligament to anastomose with the uterine 
artery. The ovarian arteries enlarge signifieantly during 
pregnaney to augment the uterine blood supply. 

Median saeral artery 

Themedian saeral artery (Figs. 5.64A and 5.65) originates 
from the posterior surface of the aorta just superior to the 
aortie bifurcation at vertebral level LIV in the abdomen. It 
deseends in the midline, erosses the pelvie inlet, and then 
courses along the anterior surface of the saeram and 
coccyx. It gives rise to the last pair of lumbar arteries 
and to branehes that anastomose with the iliohimbar and 
lateral saeral arteries. 


498 



















Regional anatomy • Pelvis 


5 


llreter 


Median saeral artery 


Ovarian vessels 


Broad ligament 


Ovarian artery 



llreter 


LJterine artery 


Vaginal artery 


Branehes of 
anterior trunk 
of internal 
iliae artery 


Fig.5.65 Llterine and vaginal arteries. 


Veins 

Pelvie veins follow the course of all branehes of the inter- 
nal iliae artery except for the umbilical artery and the ilio- 
lumbar artery (Fig. 5.66A). On eaeh side, the veins drain 
into internal iliae veins, which leave the pelvie eavity to 
join eommon iliae veins situated just superior and lateral 
to the pelvie inlet. 

Within the pelvie eavity, extensive intereonneeted 
venous plexuses are assoeiated with the surfaces of the 
viseera (bladder, rectum, prostate, uterus, and vagina). 
Together, these plexuses form the pelvie plexus of veins. 


The part of the venous plexus surrounding the rectum and 
anal eanal drains via superior reetal veins (tributaries of 
inferior mesenterie veins) into the hepatie portal system, 
and via middle and inferior reetal veins into the eaval 
system. This pelvie plexus is an important portaeaval shunt 
when the hepatie portal system is bloeked (Fig. 5.66B). 

The inferior part of the reetal plexus around the anal 
eanal has two parts, an internal and an external. The inter- 
nal reetal plexus is in eonneetive tissue between the inter- 
nal anal sphineter and the epithelium lining the eanal. This 
plexus eonneets superiorly with longitudinally arranged 
branehes of the superior reetal vein that lie one in eaeh 
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Fig. 5.66 Pelvie veins. A. In a man with the left side of the pelvis and most of the viseera removed. B. Veins assoeiated with the rectum and 
anal eanal. 















































Regional anatomy • Pelvis 


5 


anal column. When enlarged, these branehes form inter- 
nal hemorrhoids, which originate above the peetinate line 
and are eovered by eolonie mucosa. The external reetal 
plexus eireles the external anal sphineter and is subcutane- 
ous. Enlargement of vessels in the external reetal plexus 
results in external hemorrhoids. 

The single deep dorsal vein that drains ereetile tissues 
of the elitoris and the penis does not follow branehes of the 
internal pudendal artery into the pelvie eavity. Instead, this 
vein passes direetly into the pelvie eavity through a gap 
formed between the arcuate pubic ligament and the ante- 
rior margin of the perineal membrane. The vein joins the 
prostatie plexus of veins in men and the vesieal (bladder) 
plexus of veins in women. (Superficial veins that drain the 
skin of the penis and eorresponding regions of the elitoris 
drain into the external pudendal veins, which are tributar- 
ies of the great saphenous vein in the thigh.) 

In addition to tributaries of the internal iliae vein, 
median saeral veins and ovarian veins parallel the courses 
of the median saeral artery and ovarian artery, respee- 
tively, and leave the pelvie eavity to join veins in the 
abdomen: 


The median saeral veins eoalesee to form a single vein 
that joins either the left eommon iliae vein or the junc- 
tion of the two eommon iliae veins to form the inferior 
vena eava. 

The ovarian veins follow the course of the eorrespond- 
ing arteries; on the leít, they join the left renal vein and, 
on the right, they join the inferior vena eava in the 
abdomen. 

Lymphaties 

Lymphaties from most pelvie viseera drain mainly into 
lymph nodes distributed along the internal iliae and exter- 
nal iliae arteries and their assoeiated branehes (Fig. 5.67), 
which drain into nodes assoeiated with the eommon iliae 
arteries and then into the lateral aortie or lumbar nodes 
assoeiated with the lateral surfaces of the abdominal aorta. 
In turn, these lateral aortie or lumbar nodes drain into the 
lumbar trnnks, which continue to the origin of the tho- 
raeie duct at approximately vertebral level TXII. 

Lymphaties from the ovaries and related parts of the 
uterus and uterine tubes leave the pelvie eavity superiorly 
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Fig. 5.67 Pelvie lymphaties. 
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and drain, via vessels that aeeompany the ovarian arteries, 
direetly into lateral aortie or lumbar nodes and, in some 
eases, into the pre-aortie nodes on the anterior surface of 
the aorta. 

In addition to draining pelvie viseera, nodes along the 
internal iliae artery also reeeive drainage from the ghiteal 
region of the lower limb and from deep areas of the 
perineum. 

PERINEIIM 

The perineum is a diamond-shaped region positioned infe- 
riorly to the pelvie floor between the thighs. Its peripheral 
boundary is the pelvie outlet; its eeiling is the pelvie dia- 
phragm (the levator ani and coccygeus muscles); and its 
narrow lateral walls are formed by the walls of the pelvie 
eavity below the attaehment of the levator ani muscle 
(Fig. 5.68A). 

The perineum is divided into an anterior urogenital tri- 
angle and a posterior anal triangle. 

The urogenital triangle is assoeiated with the openings 
of the urinary systems and the reproductive systems 
and functions to anehor the external genitalia. 

The anal triangle eontains the anus and the external 
anal sphineter. 

The pudendal nerve (S2 to S4) and the internal puden- 
dal artery are the major nerve and artery of the region. 

Borders and eeiling 

The margin of the perineum is marked by the inferior 
border of the pubic symphysis at its anterior point, the tip 
of the coccyx at its posterior point, and the isehial tuberosi- 
ties at eaeh of the lateral points (Fig. 5.68A). The lateral 
margins are formed by the ischiopubic rami anteriorly and 
by the sacrotuberous ligaments posteriorly. The pubic sym- 
physis, the isehial tuberosities, and the coccyx ean be pal- 
pated on the patient. 


The perineum is divided into two triangles by an imagi- 
nary line between the two isehial tuberosities (Fig. 5.68A). 
Anterior to the line is the urogenital triangle and posterior 
to the line is the anal triangle. Signifìeantly, the two tri- 
angles are not in the same plane. In the anatomieal posi- 
tion, the urogenital triangle is oriented in the horizontal 
plane, whereas the anal triangle is tilted upward at the 
transtubercular line so that it faees more posteriorly. 

The roof of the perineum is formed mainly by the levator 
ani muscles that separate the pelvie eavity, above, from the 
perineum, below. These muscles, one on eaeh side, form a 
eone- or funnel-shaped pelvie diaphragm, with the anal 
aperture at its inferior apex in the anal triangle. 

Anteriorly, in the iirogenital triangle, a U-shaped 
defeet in the muscles, the urogenital hiatus, allows the 
passage of the urethra and vagina. 

Perineal membrane and deep perineal pouch 

The perineal membrane (see pp. 45 7-4 59) is a thiek fìbrous 
sheet that fìlls the urogenital triangle (Fig. 5.68B). It has a 
free posterior border, which is anehored in the midline to 
the perineal body and is attaehed laterally to the pubic 
areh. Immediately superior to the perineal membrane is a 
thin region termed the deep perineal pouch, eontaining a 
layer of skeletal muscle and neurovascular tissues. Among 
the skeletal muscles in the pouch (see p. 459, Fig. 5.36) is 
the external urethral sphineter. 

The perineal membrane and deep perineal pouch 
provide support for the external genitalia, which are 
attaehed to its inferior surface. Also, the parts of the peri- 
neal membrane and deep perineal pouch inferior to the 
urogenital hiatus in the levator ani provide support for the 
pelvie viseera, above. 

The urethra leaves the pelvie eavity and enters the 
perineum by passing through the deep perineal pouch 
and perineal membrane. In women, the vagina also passes 
through these structures posterior to the urethra. 
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Fig. 5.68 Borders and eeiling of the perineum. A. Boundaries of the perineum. B. Perineal membrane. 
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Isehio-anal fossae and their anterior reeesses 

Because the levator ani muscles course medially from their 
origin on the lateral pelvie walls, above, to the anal aper- 
ture and urogenital hiatus, below, inverted wedge-shaped 
gutters occur between the levator ani muscles and adja- 
eent pelvie walls as the two structures diverge inferiorly 
(Fig. 5.69). In the anal triangle, these gutters, one on eaeh 
side of the anal aperture, are termed isehio-anal fossae. 
The lateral wall of eaeh fossa is formed mainly by the 
ischium, obturator internus muscle, and sacrotuberous 
ligament. The medial wall is the levator ani muscle. 
The medial and lateral walls eonverge superiorly where the 
levator ani muscle attaehes to the faseia overlying the 
obturator internus muscle. The isehio-anal fossae allow 
movement of the pelvie diaphragm and expansion of the 
anal eanal during defeeation. 

The isehio-anal fossae of the anal triangle are continu- 
ous anteriorly with reeesses that projeet into the urogenital 
triangle superior to the deep perineal pouch. These ante- 
rior reeesses of the isehio-anal fossae are shaped like three- 
sided pyramids that have been tipped onto one of their sides 
(Fig. 5.69C). The apex of eaehpyramidis elosed and points 
anteriorly toward the pubis. The base is open and continu- 
ous posteriorly with its related isehio-anal fossa. The infe- 
rior wall of eaeh pyramid is the deep perineal pouch. The 
superomedial wall is the levator ani muscle, and the super- 
olateral wall is formed mainly by the obturator internus 
muscle. The isehio-anal fossae and their anterior reeesses 
are normally filled with fat. 


In the elinie 

Abseesses in the isehio-anal fossae 

The anal mucosa is particularly vulnerable to injury and 
may be easily torn by hard feees. Oeeasionally, patients 
develop inflammation and infeetion of the anal eanal 
(sinuses or crypts).This infeetion ean spread between 
the sphineters, producing intersphineterie fistulas. The 
infeetion ean traet superiorly into the pelvie eavity or 
laterally into the isehio-anal fossae. 


Anal triangle 

The anal triangle of the perineum faees posteroinferiorly 
and is defined laterally by the medial margins of the saero- 
tuberous ligaments, anteriorly by a horizontal line between 
the two isehial tuberosities, and posteriorly by the coccyx. 
The eeiling of the anal triangle is the pelvie diaphragm, 
which is formed by the levator ani and coccygeus muscles. 
The anal aperture occurs eentrally in the anal triangle and 
is related on either side to an isehio-anal fossa. The major 
muscle in the anal triangle is the external anal sphineter. 

The external anal sphineter, which surrounds 
the anal eanal, is formed by skeletal muscle and eonsists 
of three parts—deep, superficial, and subcutaneous— 
arranged sequentially along the eanal from superior to 
inferior (Fig. 5.68B, Table 5.5). The deep part is a thiek 
ring-shaped muscle that eireles the upper part of the anal 
eanal and blends with the fibers of the levator ani muscle. 
The superficial part also surrounds the anal eanal, but is 
anehored anteriorly to the perineal body and posteriorly to 
the coccyx and anoeoeeygeal ligament. The subcutaneous 
part is a horizontally flattened dise of imisele that sur- 
rounds the anal aperture just beneath the skin. The exter- 
nal anal sphineter is innervated by inferior reetal branehes 
of the pudendal nerve and by branehes direetly from the 
anterior ramus of S4. 

In the elinie 

Hemorrhoids 

A hemorrhoid is an engorgement of the venous plexus 
at or inside the anal sphineter. It is a eommon eomplaint 
and has prevalenee of approximately 4% in the Llnited 
States. Hemorrhoids have a slight genetie 
predisposition; however, straining during bowel 
movements, obesity, and sedentary lifestyle ean also 
produce hemorrhoids.The symptoms include irritation, 
pain, and swelling. Hemorrhoids occurring at the anal 
verge (distal boundary of the anal eanal) are typieally 
ealled external hemorrhoids. Internal hemorrhoids occur 
inside the rectum and have a tendeney to bleed. 

Prolapsed hemorrhoids are internal hemorrhoids that 
pass outside the anal eanal and form lumps, which may 
undergo thrombosis and beeome painful. 

There are many treatments for hemorrhoids, which 
include ligation above the peetinate (dentate) line using 
simple rnbber bands or surgical excision. Surgery to this 
region is not without eomplieations and eare must be 
taken to preserve the internal anal sphineter. 

In the baek of every physieian's mind is the eoneern 
that the reetal bleeding or symptoms may not be 
attributable to hemorrhoids. Therefore, excluding a 
tumor within the bowel is as important as treating the 
hemorrhoids. 
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Fig. 5.69 isehio-anal fossae and their anterior reeesses. A. Anterolateral view with left pelvie wall removed. B. Inferior view 
C. Anterolateral view with pelvie walls and diaphragm removed. 
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Table 5.5 Muscles of the anal triangle 

Muscles Origin Insertion Innervation Function 

EXTERNAL ANAL SPHINCTER 

Deep part Surrounds superior aspeet of anal eanal Pudendal nerve (S2 and S3) Closes anal eanal 

and branehes direetly from S4 


Superficial part Surrounds lower part of anal eanal 
Subcutaneous part Surrounds anal aperture 


Anehored to perineal body 
and anoeoeeygeal body 


Urogenital triangle 

The urogenital triangle of the perineum is the anterior half 
of the perineum and is oriented in the horizontal plane. It 
eontains the roots of the external genitalia (Fig. 5.70) and 
the openings of the urogenital system. 

The urogenital triangle is defined: 

■ laterally by the ischiopubic rami, 

posteriorly by an imaginary line between the isehial 
tuberosities, and 

anteriorly by the inferior margin of the pubic 
symphysis. 

As with the anal triangle, the roof or eeiling of the uro- 
genital triangle is the levator ani muscle. 

Unlike the anal triangle, the urogenital triangle eon- 
tains a strong fibromuscular support platform, the perineal 
membrane and deep perineal pouch (see pp. 457-459), 
which is attaehed to the pubic areh. 

Anterior extensions of the isehio-anal fossae occur 
between the deep perineal pouch and the levator ani 
muscle on eaeh side. 

Between the perineal membrane and the membranous 
layer of superficial faseia is the superficial perineal 
pouch. The prineipal structures in this pouch are the eree- 
tile tissues of the penis and elitoris and assoeiated skeletal 
muscles. 

Structures in the superfìcial perineal pouch 

The superficial perineal pouch eontains: 

ereetile structures that join together to form the penis in 
men and the elitoris in women, and 
skeletal muscles that are assoeiated mainly with parts 
of the ereetile structures attaehed to the perineal mem- 
brane and adjaeent bone. 

Eaeh ereetile structure eonsists of a eentral eore of 
expandable vascular tissue and its surrounding eonneetive 

506 tissue capsule. 


Ereetile tissues 

Two sets of ereetile structures join to form the penis and 
the elitoris. 

Apair of eylindrieally shaped eorpora eavernosa, one 
on eaeh side of the urogenital triangle, are anehored by 
their proximal ends to the pubic areh. These attaehed parts 
are often termed the crura (from the Latin for “legs”) of 
the elitoris or the penis. The distal ends of the eorpora, 
which are not attaehed to bone, form the body of the elito- 
ris in women and the dorsal parts of the body of the penis 
in men. 

The seeond set of ereetile tissues surrounds the open- 
ings of the urogenital system. 

In women, a pair of ereetile structures, termed the 
bulbs of the vestibule, are situated, one on eaeh side, 
at the vaginal opening and are firmly anehored to the 
perineal membrane (Fig. 5.70A). Small bands of ereetile 
tissues eonneet the anterior ends of these bulbs to a 
single, small, pea-shaped ereetile mass, the glans elito- 
ris, which is positioned in the midline at the end of the 
body of the elitoris and anterior to the opening of the 
urethra. 

■ In men, a single large ereetile mass, the corpus spon- 
giosum, is the structural equivalent to the bulbs of the 
vestibule, the glans elitoris, and the intereonneeting 
bands of ereetile tissues in women (Fig. 5.70B). The 
corpus spongiosum is anehored at its base to the peri- 
neal membrane. Its proximal end, which is not attaehed, 
forms the ventral part of the body of the penis and 
expands over the end of the body of the penis to form 
the glans penis. This pattern in men results from the 
absenee of a vaginal opening and from the fusion of 
structures aeross the midline during embryologieal 
development. As the originally paired ereetile structures 
fuse, they enelose the urethral opening and form an 
additional ehannel that ultimately beeomes most of the 
penile part of the urethra. As a consequence of this 
fusion and growth in men, the urethra is enelosed by 
the corpus spongiosum and opens at the end of the 
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Fig. 5.70 Ereetile tissues of elitoris and penis. A. Clitoris. B. Penis. 


penis. This is unlike the situation in women, where the 
urethra is not enelosed by ereetile tissue of the elitoris 
and opens direetly into the vestibule of the perineum. 

Clitoris 

The elitoris is eomposed of two eorpora eavernosa and the 
glans elitoris (Fig. 5.70A). As in the penis, it has an 
attaehed part (root) and a free part (body). 


Unlike the root of the penis, the root of the elitoris 
teehnieally eonsists only of the two crura. (Although 
the bulbs of the vestibule are attaehed to the glans eli- 
toris by thin bands of ereetile tissue, they are not 
included in the attaehed part of the elitoris.) 

The body of the elitoris, which is formed only by the 
unattached parts of the two eorpora eavernosa, angles 
posteriorly and is embedded in the eonneetive tissues of 
the perineum. 
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The body of the elitoris is supported by a suspensory 
ligament that attaehes superiorly to the pubic symphysis. 
The glans elitoris is attaehed to the distal end of the body 
and is eonneeted to the bulbs of the vestibule by small 
bands of ereetile tissue. The glans elitoris is exposed in the 
perineum and the body of the elitoris ean be palpated 
through skin. 

Penis 

The penis is eomposed mainly of the two eorpora eaver- 
nosa and the single corpus spongiosum, which eontains 
the urethra (Fig. 5.70B. ) As in the elitoris, it has an attaehed 
part (root) and a free part (body): 

■ The root of the penis eonsists of the two crura, which 
are proximal parts of the eorpora eavernosa attaehed to 
the pubic areh, and the bulb of the penis, which is the 
proximal part of the corpus spongiosum anehored to 
the perineal membrane. 

■ The body of the penis, which is eovered entirely by 
skin, is formed by the tethering of the two proximal free 
parts of the eorpora eavernosa and the related free part 
of the corpus spongiosum. 

The base of the body of the penis is supported by two 
ligaments: the suspensory ligament of the penis 
(attaehed superiorly to the pubic symphysis), and the more 
superficially positioned fundiform ligament of the 
penis (attaehed above to the linea alba of the anterior 
abdominal wall and split below into two bands that pass on 
eaeh side of the penis and unite inferiorly). 

Because the anatomieal position of the penis is ereet, 
the paired eorpora are defined as dorsal in the body of the 
penis and the single corpus spongiosum as ventral, even 
though the positions are reversed in the nonereet (flaeeid) 
penis. 

The corpus spongiosum expands to form the head of the 
penis (glans penis) over the distal ends of the eorpora 
eavernosa (Fig. 5.70B). 

Ereetion 

Ereetion of the penis and elitoris is a vascular event gener- 
ated by parasympathetie fibers earried in pelvie splanehnie 
nerves from the anterior rami of S2 to S4, which enter the 
inferior hypogastrie part of the prevertebral plexus and 
ultimately pass through the deep perineal pouch and peri- 
neal membrane to innervate the ereetile tissues. Stimula- 
tion of these nerves causes speeifie arteries in the ereetile 
tissues to relax. This allows blood to fill the tissues, causing 
the penis and elitoris to beeome ereet. 

Arteries supplying the penis and elitoris are branehes of 
the internal pudendal artery; branehes of the pudendal 


nerve (S2 to S4) earry general sensory nerves from the 
penis and elitoris. 

Greater vestibular glands 

The greater vestibular glands (Bartholin's glands) are 
seen in women. They are small, pea-shaped mucous glands 
that lie posterior to the bulbs of the vestibule on eaeh side 
of the vaginal opening and are the female homologues of 
the bulbo-urethral glands in men (Fig. 5.70). However, the 
bulbo-urethral glands are loeated within the deep perineal 
pouch, whereas the greater vestibular glands are in the 
superficial perineal pouch. 

The duct of eaeh greater vestibular gland opens into the 
vestibule of the perineum along the posterolateral margin 
of the vaginal opening. 

Like the bulbo-urethral glands in men, the greater ves- 
tibular glands produce seeretion during sexual arousal. 

Muscles 

The superficial perineal pouch eontains three pairs of 
muscles: the ischiocavernosus, bulbospongiosus, and 
superficial transverse perineal muscles (Fig. 5.71 and 
Table 5.6). Two of these three pairs of imiseles are assoei- 
ated with the roots of the penis and elitoris; the other pair 
is assoeiated with the perineal body. 

lschiocavernosus 

The two ischiocavernosus muscles eover the crura of 
the penis and elitoris (Fig. 5.71). Eaeh muscle is anehored 
to the medial margin of the isehial tuberosity and related 
isehial ramus and passes forward to attaeh to the sides and 
inferior surface of the related crus, and forees blood from 
the crus into the body of the ereet penis and elitoris. 

Bulbospongiosus 

The two bulbospongiosus muscles are assoeiated 
mainly with the bulbs of the vestibule in women and 
with the attaehed part of the corpus spongiosum in men 

(Fig. 5.71). 

In women, eaeh bulbospongiosus muscle is anehored 
posteriorly to the perineal body and courses anterolaterally 
over the inferior surface of the related greater vestibular 
gland and the bulb of the vestibule to attaeh to the surface 
of the bulb and to the perineal membrane (Fig. 5.71A). 
Other fibers course anterolaterally to blend with the fibers 
of the ischiocavernosus muscle, and still others travel ante- 
riorly and areh over the body of the elitoris. 

In men, the bulbospongiosus muscles are joined in the 
midline to a raphe on the inferior surface of the bulb of the 
penis. The raphe is anehored posteriorly to the perineal 
body. Muscle fibers course anterolaterally, on eaeh side, 
from the raphe and perineal body to eover eaeh side of the 
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Fig. 5.71 Muscles in the superficial perineal pouch. A. In women. B. In men. 


Table 5.6 Muscles of the superficial perineal pouch 


Miisdes 

Origin 

Insertion 

Innervation 

Function 


lschiocavernosus 

isehial tuberosity 
and ramus 

Crus of penis and elitoris 

Pudendal nerve 
(S2 to S4) 

Move blood from crura into the 
body of the ereet penis and elitoris 


Bulbospongiosus 

In women: perineal body 

In men: perineal body, 
midline raphe 

In women: bulb of vestibule, 
perineal membrane, body of 
elitoris, and corpus cavernosum 

In men: bulbospongiosus, 
perineal membrane, corpus 

cavernosum 

Pudendal nerve 
(S2 to S4) 

Move blood from attaehed parts of 
the elitoris and penis into the glans 

In men: removal of residual urine 
from urethra after urination; 
pulsatile emission of semen during 
ejaculation 


Superficial 

transverse 

perineal 

isehial tuberosity 
and ramus 

Perineal body 

Pudendal nerve 
(S2 to S4) 

Stabilize the perineal body 
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bulb of the penis and attaeh t o the perineal membrane and 
eonneetive tissue of the bulb. Others extend anterolaterally 
to assoeiate with the crura and attaeh anteriorly to the 
ischiocavernosus muscles. 

In bothmen and women, the bulbospongiosus muscles 
eompress attaehed parts of the ereet corpus spongiosum 
and bulbs of the vestibule and foree blood into more distal 
regions, mainly the glans. In men, the bulbospongiosus 
muscles have two additional functions: 

They faeilitate emptying of the bulbous part of the 
penile urethra following urination (micturition). 

Their reflex eontraetion during ejaculation is responsi- 
ble for the pulsatile emission of semen from the penis. 


Superficial transverse perineal muscles 

The paired superficial transverse perineal muscles 

follow a course parallel to the posterior margin of the infe- 
rior surface of the perineal membrane (Fig. 5.71). These 
flat band-shaped muscles, which are attaehed to isehial 
tuberosities and rami, extend medially to the perineal body 
in the midline and stabilize the perineal body. 

Superfìcial features of the external genitalia 

In vvomen 

In women, the elitoris and vestibular apparatus, together 
with a number of skin and tissue folds, form the vulva 
(Fig. 5.72). On either side of the midline are two thin folds 


Mons pubis 


Pubic symphysis 


llrogenital triangle 


isehial tuberosity 

(palpable) 


A 




eommissere 


Anal triangle 


Anal aperture 


Coccyx 

(palpable) 



Frenulum 

Llrethral opening 

Vestibule 
(between labia minora) 

Hymen 
Vaginal opening 


Fourchette 


Prepuce of elitoris 
Glans elitoris 

Lateral fold 
Medial fold 

Opening of duct of 
paraurethral gland 

Labium mínus 

Opening of duct of 
greater vestibular gland 


510 


Fig. 5.72 Superfìcial features of the perineum in women. A. Overview. B. Close-up of external genitalia. 
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of skin termed the labia minora. The region enelosed 
between them, and into which the urethra and vagina 
open, is the vestibule. Anteriorly, the labia minora eaeh 
bifurcate, forming a medial and a lateral fold. The medial 
folds unite to form the fremiliim of the elitoris, that joins 
the glans elitoris. The lateral folds unite ventrally over the 
glans elitoris and the body of the elitoris to form the 
prepuce of the elitoris (hood). The body of the elitoris 
extends anteriorly from the glans elitoris and is palpable 
deep to the prepuce and related skin. Posterior to the vesti- 
bule, the labia minora unite, forming a small transverse 
fold, the frenulum of the labia minora (the 
fourchette). 

Within the vestibule, the vaginal orifiee is surrounded 
to varying degrees by a ring-like fold of membrane, the 
hymen, which may have a small eentral perforation or 
may eompletely elose the vaginal opening. Following 
rupture of the hymen (resulting from first sexual inter- 
course or injury), irregular remnants of the hymen fringe 
the vaginal opening. 


The orifiees of the urethra and the vagina are assoeiated 
with the openings of glands. The ducts of the para-urethral 
glands (Skene's glands) open into the vestibule, one on 
eaeh side of the lateralmargin of the urethra. The ducts of 
the greater vestibular glands (Bartholin’s glands) open 
adjaeent to the posterolateral margin of the vaginal 
opening in the erease between the vaginal orifiee and rem- 
nants of the hymen. 

Lateral to the labia minora are two broad folds, the labia 
majora, which unite anteriorly to form the mons pubis. 
The mons pubis overlies the inferior aspeet of the pubic 
symphysis and is anterior to the vestibule and the elitoris. 
Posteriorly, the labia majora do not unite and are separated 
by a depression termed the posterior commissure, which 
overlies the position of the perineal body. 

In men 

Superficial eomponents of the genital organs in men 
eonsist of the scrotum and the penis (Fig. 5.73). The 
scrotum is the male homologue of the labia majora in 
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Fig. 5.73 Superficial features of the perineum in men. A. Overvievv. B. Close-up of external genitalia. 
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women. In the fetus, labioserotal swellings fuse aeross the 
midline, resulting in a single scrotum into which the testes 
and their assoeiated musculofascial eoverings, blood 
vessels, nerves, lymphaties, and drainage ducts deseend 
from the abdomen. The remnant of the line of fusion 
between the labioserotal swellings in the fetus is visible on 
the skin of the serotmn as a longitudinal midline raphe 
that extends from the anus, over the serotal sae, and onto 
the inferior aspeet of the body of the penis. 

The penis eonsists of a root and body. The attaehed root 
of the penis is palpable posterior to the scrotum in the 
urogenital triangle of the perineum. The pendulous part of 
the penis (body of penis) is entirely eovered by skin; the tip 
of the body is eovered by the glans penis. 

The external urethral orifiee is a sagittal slit, normally 
positioned at the tip of the glans. The inferior margin of 
the urethral orifiee is continuous with a midline raphe of 
the penis, which represents a line of fusion formed in the 
glans as the urethra develops in the fetus. The base of this 
raphe is continuous with the fremihim of the glans, 
which is a median fold of skin that attaehes the glans to 
more loosely attaehed skin proximal to the glans. The base 
of the glans is expanded to form a raised circular margin 
(the eorona of the glans); the two lateral ends of the 
eorona join inferiorly at the midline raphe of the glans. The 
depression posterior to the eorona is the neek of the glans. 
Normally, a fold of skin at the neek of the glans is continu- 
ous anteriorly with thin skin that tightly adheres to the 
glans and posteriorly with thieker skin loosely attaehed to 
the body. This fold, known as the prepuce, extends forward 
to eover the glans. The prepuce is removed during male 
circumcision, leaving the glans exposed. 

Superfìcial faseia of the urogenital triangle 

The superficial faseia of the urogenital triangle is continu- 
ous with similar faseia on the anterior abdominal wall. 

As with the superficial faseia of the abdominal wall, the 
perineal faseia has a membranous layer on its deep surface. 
This membranous layer (eolles' faseia), is attaehed: 

posteriorly to the perineal membrane and therefore does 
not extend into the anal triangle (Fig. 5.74), and 
to the ischiopubic rami that form the lateral borders 
of the urogenital triangle and therefore does not extend 
into the thigh (Fig. 5.74). 


It defines the external limits of the superficial perineal 
pouch, lines the scrotum or labia, and extends around the 
body of the penis and elitoris. 

Anteriorly, the membranous layer of faseia is continu- 
ous over the pubic symphysis and pubic bones with the 
membranous layer of faseia on the anterior abdominal 
wall. In the lower lateral abdominal wall, the membranous 
layer of abdominal faseia is attaehed to the deep faseia of 
the thigh just inferior to the inguinal ligament. 

Because the membranous layer of faseia eneloses the 
superficial perineal pouch and continues up the anterior 
abdominal wall, flmds or infectious materials that accumu- 
late in the pouch ean traek out of the perineum and onto 
the lower abdominal wall. This material will not traek into 
the anal triangle or the thigh because the faseia fuses with 
deep tissues at the borders of these regions. 


In the elinie 
llrethral rupture 

Llrethral rupture may occur at a series of well-defìned 
anatomieal points. 

The eommonest injury is a rupture of the proximal 
spongy urethra below the perineal membrane. The 
urethra is usually torn when structures of the perineum 
are caught between a hard objeet (e.g v a steel beam or 
erossbarof a bieyele) and the inferior pubic areh. Llrine 
eseapes through the rupture into the superficial 
perineal pouch and deseends into the scrotum and up 
onto the anterior abdominal wall deep to the superficial 
faseia. 

In assoeiation with severe pelvie fractures, urethral 
rupture may occur at the prostatomembranous junction 
above the deep perineal pouch. The urine will 
extravasate into the true pelvis. 

The worst and most serious urethral rupture is 
related to serious pelvie injuries where there is 
eomplete disruption of the puboprostatic ligaments. 
The prostate is disloeated superiorly not only by the 
ligamentous disruption but also by the extensive 
hematoma formed within the true pelvis. The diagnosis 
ean be made by palpating the elevated prostate during 
a digital reetal examination. 
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Fig. 5.74 Superficial faseia. A. Lateral view. B. Anterior view 


Somatie nerves 

Pudendal nerve 

The major somatie nerve of the perineum is the pudendal 
nerve. This nerve originates from the saeral plexus and 
earries fibers from spinal eord levels S2 to S4. It leaves the 
pelvie eavity through the greater seiatie foramen inferior 
to the piriformis muscle, passes around the sacrospinous 
ligament, and then enters the anal triangle of the perineum 
by passing medially through the lesser seiatie foramen. As 


it enters and courses through the perineum, it travels along 
the lateral wall of the isehio-anal fossa in the pudendal 
eanal, which is a tubular eompartment formed in the 
faseia that eovers the obturator internus muscle. This 
pudendal eanal also eontains the internal pudendal artery 
and aeeompanying veins. 

The pudendal nerve (Fig. 5.75) has three major 
terminal branehes—the inferior reetal and perineal nerves 
and the dorsal nerve of the penis or elitoris—which are 513 
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Fig. 5.75 Pudendal nerve. A. In men. 
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Fig. 5.75, eont’d B. In vvomen. 


aeeompanied by branehes of the internal pudendal artery 

(Fig. 5.76). 

The inferior reetal nerve is often multiple, penetrates 
through the faseia of the pudendal eanal, and courses 
medially aeross the isehio-anal fossa to innervate the 
external anal sphineter and related regions of the 
levator ani muscles. The nerve is also general sensory 
for the skin of the anal triangle. 

The perineal nerve passes into the urogenital triangle 
and gives rise to motor and cutaneous branehes. The 
motor branehes supply skeletal muscles in the superfì- 
eial and deep perineal pouches. The largest of the 
sensory branehes is the posterior serotal nerve in men 
and the posterior labial nerve in women. 

The dorsal nerve of the penis and elitoris enters the 
deep perineal pouch (Fig. 5.75). It passes along the 
lateral margin of the pouch and then exits by passing 
inferiorly through the perineal membrane in a position 
just inferior to the pubic symphysis where it meets the 
body of the elitoris or the penis. It courses along the 
dorsal surface of the body to reaeh the glans. The dorsal 
nerve is sensory to the penis and elitoris, particularly to 
the glans. 


Other somatie nerves 

Other somatie nerves that enter the perineum are mainly 
sensory and include branehes of the ilio-inguinal, genito- 
femoral, posterior femoral cutaneous, and anoeoeeygeal 
nerves. 

Viseeral nerves 

Viseeral nerves enter the perineum by two routes: 

Those to the skin, which eonsist mainly of postgangli- 
onie sympatheties, are delivered into the region along 
the pudendal nerve. These fibers join the pudendal nerve 
from gray rami communicantes that eonneet pelvie 
parts of the sympathetie trunks to the anterior rami of 
the saeral spinal nerves (seep. 487 andFig. 5.61). 

Those to ereetile tissues enter the region mainly by 
passing through the deep perineal pouch from the infe- 
rior hypogastrie plexus in the pelvie eavity (see p. 494 
and Fig. 5.62B). The fibers that stiimilate ereetion are 
parasympathetie fibers, which enter the inferior hypo- 
gastrie plexus via pelvie splanehnie nerves from spinal 
eord levels of S2 to S4 (see Fig. 5.62A,B). 515 
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Blood vessels 

Arteries 

The most signifieant artery of the perineum is the internal 
pudendal artery (Fig. 5.76). Other arteries entering the 
area include the external pudendal, the testicular, and the 
eremasterie arteries. 

Internal pudendal artery 

The internal pudendal artery originates as a braneh of 
the anterior trunk of the internal iliae artery in the pelvis 
(Fig. 5.76). Along with the pudendal nerve, it leaves the 
pelvis through the greater seiatie foramen inferior to the 
piriformis muscle. It passes around the isehial spine, where 
the artery lies lateral to the nerve, enters the perineum by 
coursing through the lesser seiatie foramen, and aeeompa- 
nies the pudendal nerve in the pudendal eanal on the 
lateral wall of the isehio-anal fossa. 

The branehes of the internal pudendal artery are similar 
to those of the pudendal nerve in the perineum and inehide 
the inferior reetal and perineal arteries, and branehes to 
the ereetile tissues of the penis and elitoris (Fig. 5.76). 

Inferior reetal arteries 

One or more inferior reetal arteries originate from the 
internal pudendal artery in the anal triangle and eross the 
isehio-anal fossa medially to braneh and supply muscle 
and related skin (Fig. 5.76). They anastomose with middle 
and superior reetal arteries from the internal iliae artery 
and the inferior mesenterie artery, respeetively, to form a 
network of vessels that supply the rectum and anal eanal. 

Perineal artery 

The perineal artery originates near the anterior end of 
the pudendal eanal and gives off a transverse perineal 
braneh, and a posterior serotal or labial artery to sur- 
rounding tissues and skin (Fig. 5.76). 

Terminal partofthe internal pudendal artery 

The terminal part of the internal pudendal artery aeeom- 
panies the dorsal nerve of the penis or elitoris into the deep 
perineal pouch and supplies branehes to the tissues in the 
deep perineal pouch and ereetile tissues. 

Branehes that supply the ereetile tissues in men include 
the artery to the bulb of the penis, the urethral artery, the 
deep artery of the penis, and the dorsal artery of the penis 
(Fig. 5.76). 

The artery of the bulb of the penis has a braneh 
that supplies the bulbo-urethral gland and then pene- 
trates the perineal membrane to supply the corpus 
spongiosum. 


A urethral artery also penetrates the perineal mem- 
brane and supplies the penile urethra and surrounding 
ereetile tissue to the glans. 

Near the anterior margin of the deep perineal pouch, 
the internal pudendal artery bifurcates into two termi- 
nal branehes. A deep artery of the penis penetrates 
the perineal membrane to enter the crus and supply the 
crus and corpus cavernosum of the body. The dorsal 
artery of the penis penetrates the anterior margin of 
the perineal membrane to meet the dorsal surface of the 
body of the penis. The vessel courses along the dorsal 
surface of the penis, medial to the dorsal nerve, and 
supplies the glans penis and superficial tissues of the 
penis; it also anastomoses with branehes of the deep 
artery of the penis and the urethral artery. 

Branehes that supply the ereetile tissues in women are 
similar to those in men. 

■ Arteries of the bulb of the vestibule supply the bulb 
of the vestibule and related vagina. 

Deep arteries of the elitoris supply the crura and 
corpus cavernosum of the body. 

Dorsal arteries of the elitoris supply surrounding 
tissues and the glans. 

External piidendal arteries 

The external pudendal arteries eonsist of a superficial 
vessel and a deep vessel, which originate in the femoral 
artery in the thigh. They course medially to enter the 
perineum anteriorly and supply related skin of the penis 
and scrotum or the elitoris and labia majora. 

Testicular and eremasterie arteries 

In men, the testicular arteries originate from the abdom- 
inal aorta and deseend into the scrotum through the ingui- 
nal eanal to supply the testes. Also, eremasterie arteries, 
which originate from the inferior epigastrie braneh of the 
external iliae artery, aeeompany the spermatie eord into 
the scrotum. 

In women, small eremasterie arteries follow the round 
ligament of the uterus through the inguinal eanal. 

Veins 

Veins in the perineum generally aeeompany the arteries 
and join the internal pudendal veins that eonneet with 
the internal iliae vein in the pelvis (Fig. 5.77). The excep- 
tion is the deep dorsal vein of the penis or elitoris that 
drains mainly the glans and the eorpora eavernosa. The 
deep dorsal vein courses along the midline between the 
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Fig. 5.76 Arteries in the perineum. 
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Fig. 5.77 Perineal veins. 
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dorsal arteries on eaeh side of the body of the penis or 
elitoris, passes though the gap between the inferior pubic 
ligament and the deep perineal pouch, and eonneets with 
the plexus of veins surrounding the prostate in men or 
bladder in women. 

External pudendal veins, which drain anterior parts of 
the labia majora or the scrotum and overlap with the area 
of drainage of the internal pudendal veins, eonneet with 
the femoral vein in the thigh. Superficial dorsal veins of the 
penis or elitoris that drain skin are tributaries of the exter- 
nal pudendal veins. 

Lymphaties 

Lymphatie vessels from deepparts of the perineum aeeom- 
pany the internal pudendal blood vessels and drain mainly 
into internal iliae nodes in the pelvis. 


Lymphatie ehannels from superficial tissues of the 
penis or the elitoris aeeompany the superficial external 
pudendal blood vessels and drain mainly into superficial 
inguinal nodes, as do lymphatie ehannels from the 
scrotum or labia majora (Fig. 5.78). The glans penis, glans 
elitoris, labia minora, and terminal inferior end of the 
vagina drain into deep inguinal nodes and external 
iliae nodes. 

Lymphaties from the testes drain via ehannels that 
aseend in the spermatie eord, pass through the inguinal 
eanal, and course up the posterior abdominal wall to 
eonneet direetly with lateral aortie or lumbar nodes 
and pre-aortie nodes around the aorta, at approximately 
vertebral levels LI and LII. Therefore disease from the 
testes traeks superiorly to nodes high in the posterior 
abdominal wall and not to inguinal or iliae nodes. 
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Fig. 5.78 Lymphatie drainage of the perineum. 
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Surface anatomy 

Surface anatomy of the pelvis and perineiim 

Palpable bony features of the pelvis are used as 
landmarks for: 

loeating soft tissue structures, 

visualizing the orientation of the pelvie inlet, and 

defining the margins of the perinemn. 

The ability to reeognize the normal appearanee of struc- 
tures in the perineum is an essential part of a physieal 
examination. 

In women, the cervix ean be visualized direetly by 
opening the vaginal eanal using a speculum. 

In men, the size and texture of the prostate in the pelvie 
eavity ean be assessed by digital palpation through the anal 
aperture. 

Orientation of the pelvís and perineum in 
the anatomieal position 

In the anatomieal position, the anterior superior iliae 
spines and the anterior superior edge of the pubic 


symphysis lie in the same vertieal plane. The pelvie inlet 
faees anterosuperiorly. The urogenital triangle of the 
perineum is oriented in an almost horizontal plane and 
faees inferiorly, whereas the anal triangle is more vertieal 
andfaees posteriorly (Figs. 5.79 and 5.80). 

How to defìne the margins of the perineum 

The pubic symphysis, isehial tuberosities, and tip of the 
saemrn are palpable on patients and ean be used to define 
the boundaries of the perineum. This is best done with 
patients lying on their baeks with their thighs flexed and 
abducted in the lithotomy position (Fig. 5.81). 

The isehial tuberosities are palpable on eaeh side as 
large bony masses near the erease of skin (gluteal fold) 
between the thigh and gluteal region. They mark the 
lateral eorners of the diamond-shaped perineum. 

The tip of the coccyx is palpable in the midline posterior 
to the anal aperture and marks the most posterior limit 
of the perineum. 

The anterior limit of the perineum is the pubic symphy- 
sis. In women, this is palpable in the midline deep to the 
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Fig.5.79 Lateral view of the pelvie area with the position of the skeletal features indieated. The orientation of the pelvie inlet, urogenital 
triangle, and anal triangle is also shown. A. In a woman. B. In a man. 
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Fig. 5.80 Anterior view of the pelvie area. A. In a woman showing the position of the pubic symphysis. B. In a man showing the position of 
the pubic tubercle, pubic symphysis, and anterior superior iliae spine. 
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Fig. 5.81 Inferior view of the perineum in the lithotomy position. Boundaries, subdivisions, and palpable landmarks are indieated. A. In a 
man. B. In a woman. 
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mons pubis. In men, the pubic symphysis is palpable 
immediately superior to where the body of the penis 
joins the lower abdominal wall. 

Imaginary lines that join the isehial tuberosities with 
the pubic symphysis in front, and with the tip of the coccyx 
behind, outline the diamond-shaped perineum. An addi- 
tional line between the isehial tuberosities divides the 
perineum into two triangles, the urogenital triangle ante- 
riorly and anal triangle posteriorly. This line also approxi- 
mates the position of the posterior margin of the perineal 
membrane. The midpoint of this line marks the loeation of 
the perineal body or eentral tendon of the perineum. 


identifìeation of structures in 
the anal triangle 

The anal triangle is the posterior half of the perineum. The 
base of the triangle faees anteriorly and is an imaginary 
line joining the two isehial tuberosities. The apex of the 
triangle is the tip of the coccyx; the lateral margins ean be 
approximated by lines joining the coccyx to the isehial 
tuberosities. In both women and men, the major feature of 
the anal triangle is the anal aperture in the eenter of the 
triangle. Fat fills the isehio-anal fossa on eaeh side of the 
anal aperture (Fig. 5.82). 
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Fig. 5.82 Anal triangle with the anal aperture and position of the isehio-anal fossae indieated. A. In a man. B. In a woman. 
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identifìeation of structures in the iirogenital 
triangle of women 

The urogenital triangle is the anterior half of the perineum. 
The base of the triangle faees posteriorly and is an imagi- 
nary line joining the two isehial tuberosities. The apex of 
the triangle is the pubic symphysis. The lateralmargins ean 
be approximated by lines joining the pubic symphysis to 
the isehial tuberosities. These lines overlie the ischiopubic 
rami, which ean be felt on deep palpation. 

In women, the major eontents of the urogenital triangle 
are the elitoris, the vestibule, and skin folds that together 
form the vulva (Fig. 5.83A,B). 


Two thin skin folds, the labia minora, enelose between 
them a spaee termed the vestibule into which the vagina 
and the urethra open (Fig. 5.83C). Gentle lateral traetion 
on the labia minora opens the vestibule and reveals a 
soft tissue mound on which the urethra opens. The para- 
urethral (Skene’s) glands, one on eaeh side, open into the 
skin erease between the urethra and the labia minora 
(Fig. 5.83D). 

Posterior to the urethra is the vaginal opening. The 
vaginal opening (introitus) is ringed by remnants of the 
hymen that originally eloses the vaginal orifiee and is 
usually ruptured during the first sexual intercourse. The 
ducts of the greater vestibular (Bartholin’s) glands, one on 
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Fig. 5.83 Structures in the urogenital triangle of a woman. A. Inferior view of the urogenital triangle of a woman with major features 
indieated. B. Inferior view of the vestibule. The labia minora have been pulled apart to open the vestibule. Also indieated are the glans 
elitoris, the elitoral hood, and the frenulum of the elitoris. C. Inferior view of the vestibule showing the urethral and vaginal orifiees and the 
hymen. The labia minora have been pulled further apart than in Figure 5.83B. D. Inferior view of the vestibule with the left labium minus 
pulled to the side to show the regions of the vestibule into which the greater vestibular and para-urethral glands open. 
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Fig. 5.83, eont'd E. View through the vaginal eanal of the cervix. F. Inferior view of the urogenital triangle of a woman with the ereetile 
tissues of the elitoris and vestibule and the greater vestibular glands indieated with overlays. 


eaeh side, open into the skin erease between the hymen 
and the adjaeent labium minus (Fig. 5.83D). 

The labia minora eaeh bifurcate anteriorly into medial 
and lateral folds. The medial folds unite at the midline to 
form the frenulum of the elitoris. The larger lateral folds 
also unite aeross the midline to form the elitoral hood or 
prepuce that eovers the glans elitoris and distal parts of 
the body of the elitoris. Posterior to the vaginal orifiee, 
the labia minora join, forming a transverse skin fold (the 
fourchette). 

The labia majora are broad folds positioned lateral t o the 
labia minora. They eome together in front to form the mons 
pubis, which overlies the inferior aspeet of the pubic sym- 
physis. The posterior ends of the labia majora are separated 
by a depression termed the posterior commissure, which 
overlies the position of the perineal body. 

The cervix is visible when the vaginal eanal is opened 
with a speculum (Fig. 5.83E). The external eervieal os 
opens onto the surface of the dome-shaped cervix. A reeess 
or gutter, termed the fornix, occurs between the cervix and 
the vaginal wall and is further subdivided, based on loea- 
tion, into anterior, posterior, and lateral forniees. 

The roots of the elitoris occur deep to surface features 
of the perineum and are attaehed to the ischiopubic rami 
524 and the perineal membrane. 


The bulbs of the vestibule (Fig. 5.83F), eomposed of 
ereetile tissues, lie deep to the labia minora on either side 
of the vestibule. These ereetile masses are continuous, via 
thin bands of ereetile tissues, with the glans elitoris, which 
is visible under the elitoral hood. The greater vestibular 
glands occur posterior to the bulbs of the vestibule on 
either side of the vaginal orifiee. 

The crura of the elitoris are attaehed, one on eaeh side, 
to the ischiopubic rami. Eaeh crus is f ormed by the attaehed 
part of the corpus cavernosum. Anteriorly, these ereetile 
eorpora detaeh from bone, curve posteroinferiorly, and 
unite to form the body of the elitoris. 

The body of the elitoris underlies the ridge of skin imme- 
diately anterior to the elitoral hood (prepuce). The glans 
elitoris is positioned at the end of the body of the elitoris. 

identifìeation of structures in the urogenital 
triangle of men 

In men, the urogenital triangle eontains the root of the 
penis. The testes and assoeiated structures, although they 
migrate into the scrotum from the abdomen, are generally 
evaluated with the penis during a physieal examination. 

The scrotum in men is homologous to the labia majora 
in women. Eaeh oval testis is readily palpable through the 
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skinof thescrotum (Fig. 5.84A). Posterolateralto the testis 
is an elongated mass of tissue, often visible as a raised ridge 
that eontains lymphaties and blood vessels of the testis, 
and the epididymis and ductus deferens. A midline raphe 
(Fig. 5.84B) is visible on the skin separating left and right 
sides of the scrotum. In some individuals, this raphe is 
prominent and extends from the anal aperture, over the 
scrotum and along the ventral surface of the body of the 
penis, to the frenulum of the glans. 

The root of the penis is formed by the attaehed parts of 
the corpus spongiosum and the eorpora eavernosa. The 
corpus spongiosum is attaehed to the perineal membrane 
and ean be easily palpated as a large mass anterior to the 


perineal body. This mass, which is eovered by the bulbo- 
spongiosus muscles, is the bulb of penis. 

The corpus spongiosum detaehes from the perineal 
membrane anteriorly, beeomes the ventral part of the body 
of the penis (shaft of penis), and eventually terminates as 
the expanded glans penis (Fig. 5.84C,D). 

The crura of the penis, one crus on eaeh side, are the 
attaehed parts of the eorpora eavernosa and are anehored 
to the ischiopubic rami (Fig. 5.84E). The eorpora eaver- 
nosa are unattached anteriorly and beeome the paired 
ereetile masses that form the dorsal part of the body of the 
penis. The glans penis eaps the anterior ends of the eorpora 
eavernosa. 


Body of penìs 


Test i s 

Epididymis, vas deferens, 
vessels, nerves, and lymphaties 


Position of períneal body 



Glans penis 


isehial tuberosity 


Glans penìs 
Frenulum 


Testìs 



Ventral surface 
of body of penis 


Raphe 


Fig. 5.84 Structures in the urogenital triangle of a man. A. Inferior view. B. Ventral surface of the body of the penis. 
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Prepoee 
Glans penis 


Bodyof penis (unattached parts 
of corpus spongiosum and 

eorpora eavernosa) 


Crus of penis (attaehed part 
of corpus cavernosum) 


Bulb of penis (attaehed part 
of corpus spongiosum) 



Glans penis 


Position of perineal body 


Fig. 5.84, eont'd C. Anterior view of the glans penis showing the urethral opening. D. Lateral view of the body of the penis and glans. 
E. Inferior view of the urogenital triangle of a man with the ereetile tissues of the penis indieated with overlays. 
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eiinieal eases 




VARICOCELE 

A 25-year-old man visited his family physieian because 
he had a "dragging feeling" in the lef t side of his 
scrotum. He was otherwise healthy and had no other 
symptoms. During examination, the physieian 
palpated the left testis, which was normal, although he 
noted soft nodular swelling around the superior 
aspeet of the testes and the epididymis. In his elinieal 
notes, he deseribed these fìndings as a "bag of worms" 
(Fig. 5.85). The bag of worms was a varieoeele. 

The venous drainage of the testis is via the pampiniform 
plexus of veins that runs vvithin the spermatie eord. A 
varieoeele is a eolleetion of dilated veins that arise from 
the pampiniform plexus. In many ways, they are similar to 
varieose veins that develop in the legs. Typieally, the 
patient eomplains of a dragging feeling in the scrotum 
and around the testis, which is usually worse toward the 
end of the day. 

The family physieian reeommended surgical treatment, 
with a reeommendation for surgery through an inguinal 
ineision. 

A simple surgical technique divides the skin around 
the inguinal ligament. The aponeurosis of the external 
oblique muscle is divided in the anterior abdominal wall 
to display the spermatie eord. Careful inspeetion of the 
spermatieeord reveals the veins, which are surgically 
ligated. 

Another option is to embolize the varieoeele. 

In this technique, a small eatheter is plaeed via the right 
femoral vein. The eatheter is advaneed along the external 
iliae vein and the eommon iliae vein and into the inferior 
vena eava. The eatheter is then positioned in the left 
renal vein, and a venogram is performed to demonstrate 
the origin of the left testicular vein. The eatheter is 
advaneed down the left testicular vein into the veins of 
the inguinal eanal and the pampiniform plexus. Metal 
eoils to occlude the vessels are injeeted, and the eatheter 
is withdrawn. 

The patient asked how blood would drain from the testis 
after the operation. 


Left testicular vein 



Penis Pampiniform plexus 


Fig. 5.85 Left testicular venogram demonstrating the 
pampiniform plexus of veins. 


Although the major veins of the testis had been 
oeeloded, small eollateral veins running within the 
scrotum and around the outer aspeet of the spermatie 
eord permitted drainage without recurrence of the 
varieoeele. 
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Case 2 

SCIATIC NERVE COMPRESSION 

A young man developed pain in his right gluteal 
region, in the posterior aspeet of the thigh and 
aroiind the posterior and lateral aspeets of the leg. On 
further questioning, he reported that the pain also 
radiated over the lateral part of the foot, particularly 
around the lateral malleolus. 

The areas of pain eorrespond to dermatomes L4 to S3 
nerves. 

Over the follovving vveeks, the patient began to develop 
muscular vveakness, predominantly footdrop. 

These findings are eonsistent with loss of the motor 
function and sensory ehange in the eommon fibular 


nerve, which is a braneh of the seiatie nerve in the lower 
limb. 

A computed tomography (CT) sean of the abdomen and 
pelvis revealed a mass in the posterior aspeet of the right 
side of the pelvis. The mass was anterior to the piriformis 
muscle and adjaeent to the rectum. 

On the anterior belly of the piriformis mosele, the seiatie 
nerve is formed from the roots of L4 to S3 nerves. The 
mass in the patient's pelvis eompressed this nerve, 
producing his sensory and motor dysfunction. 

During surgery, the mass was found to be a benign nerve 
tumor and was excised. This patient had no long- 
standing neurological defieit. 


Case 3 


PELVIC KIDNEY 

A young woman visited her family praetitioner 
because she had mild upper abdominal pain. An 
ultrasound demonstrated gallstones within the 
gallbladder, which explained the patient's pain. 
However, when the teehnieian assessed the pelvis, 
she noted a mass behind the bladder, which had 
sonographie fìndings similar to a kidney (Fig. 5.86). 

What did the sonographer do next? Having 
demonstrated this pelvie mass behind the bladder, the 
sonographer assessed both kidneys. The patient had a 
normal right kidney. However, the left kidney could not 
be found in its usual plaee. The teehnieian diagnosed a 
pelvie kidney. 

A pelvie kidney ean be explained by the embryology. The 
kidneys develop from a complex series of structures that 
originate adjaeent to the bladder within the fetal pelvis. 
As development proeeeds and the functions of the 
various parts of the developing kidneys ehange, they 
attain a superior position in the upper abdomen adjaeent 
to the abdominal aorta and inferior vena eava, on the 
posterior abdominal wall. A developmental arrest or 
eomplieation may prevent the kidney from obtaining its 
usual position. Fortunately 7 it is unusual for patients to 
have any symptoms relating to a pelvie kidney. 

This patient had no symptoms attributable to the pelvie 
kidney and she was diseharged. 


Pelvie kidney Sacrum 



Bladder Rectum 


Fig.5.86 Sagittal computed tomogram demonstrating a 
pelvie kidney. 
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LEFT COMMON ILIAC ARTERY OBSTRUCTION 

A 65-year-old man was examined by a surgical intern 
because he had a history of buttock pain and 
impotenee. On examination he had a reduced 
peripheral pulse on the leftfoot eompared to the 
right. On direet questioning, the patient revealed that 
he experienced severe left-sided buttock pain after 
walking 100 yards. After a short period of rest, he 
could walk another 100 yards before the same 
symptoms recurred. He also notieed that over the 
past year he was unable to obtain an ereetion. He 
smoked heavily and was on no other drugs or 
treatment. 

The pain in the left buttock is isehemie in nature. He gives 
a typieal history relating to laek of blood flow to the 
muscles. A similar fìnding is present when muscular 
branehes of the femoral artery are occluded or stenosed. 
Such patients develop similar (isehemie) pain in the ealf 
muscles ealled intermittent claudication. 


How does the blood get to the gluteal muscles? 


Blood arrives at the aortie bifurcation and then passes 
into the eommon iliae arteries, which divide into the 
internal and external iliae vessels. The internal iliae artery 


Left eommon iliae artery 



Left internal iliae artery 


Right internal iliae artery Left external iliae artery 

Right external iliae artery 


then divides into anterior and posterior divisions, which 
in turn give rise to vessels that leave the pelvis by passing 
through the greater seiatie foramen and supply the 
gluteal muscles. The internal pudendal artery also arises 
from the anterior division of the internal iliae artery and 
supplies the penis. 

The patient's symptoms occur on the left side, suggesting 
that an obstmetion exists on that side only. 

Because the patient's symptoms occur on the left side 
only, the lesion is likely in the left eommon iliae artery 
( : ig. 5.87) and is preventing blood flow into the external 
and internal iliae arteries on the left side. 

"How will I be treated?" asked the patient. 

The patient was asked to stop smoking and begin regular 
exercise. Other treatment options include unblocking the 
lesion by ballooning the bloekage to reopen the vessels 
or by a surgical bypass graft. 

Stopping smoking and regular exercise improved the 
patient's walking distanee. The patient underwent the 
less invasive procedure of ballooning the vessel 
(angioplasty) and as a result he was able to walk 
unhindered and to have an ereetion. 


Occ!uded left eommon ilíae artery 



Patent right iliae system 


Fig. 5.87 Digital subtraction aorto-iliae angiogram. A. Normal circulation pattern. B. Occluded left eommon iliae artery. 
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Case 5 

IATROGENIC URETERIC INJURY 

A 50-year-old vvoman was admitted to hospital for 
siirgieal reseetion of the uterus (hystereetomy) for 
eaneer. The surgeon was also going to remove all the 
pelvie lymph nodes and earry out a bilateral salpingo- 
oophoreetomy (removal of uterine tubes and ovaries). 
The patient was prepared for this procedure and 
underwent routine surgery. Twenty-fìve hours after 
surgery, it was noted that the patient had passed no 
urine and her abdomen was expanding. An 
ultrasound sean demonstrated a eonsiderable amount 
of f1uid within the abdomen. Fluid withdrawn from 
the abdomen was tested and found to be urine. 

It was postulated that this patient's ureters had been 
damaged during the surgery. 

The pelvie part of the ureter courses posteroinferiorly and 
external to the parietal peritoneum on the lateral wall of 


the pelvis anterior to the internal iliae artery. It continues 
in its course to a point approximately 2 em superior to 
the isehial spine and then passes anteromedially and 
superior to the levator ani muscles. Importantly, the 
ureter elosely adheres to the peritoneum. The only 
structure that passes between the ureter and the 
peritoneum in men is the ductus deferens. In women, 
however, as the ureter deseends on the pelvie wall, it 
passes under the uterine artery. The ureter continues 
elose to the lateral fornix of the vagina, espeeially on the 
left, and enters the posterosuperior angle of the bladder. 
It was at this point that the ureter was inadvertently 
damaged. 

Knowing the anatomy and reeognizing the possibility of 
ureteric damage enabled the surgeons to reestablish 
continuity of the ureter surgically. The patient was 
hospitalized a few days longer than expected and made 
an uneventful reeovery. 


Case 6 

ECTOPIC PREGNANCY 

A 25-year-old woman was admitted to the emergeney 
department with a eomplaint of pain in her right iliae 
fossa. The pain had developed rapidly over 
approximately 40 minutes and was assoeiated with 
eramps and vomiting. The surgical intern made an 
initial diagnosis of appendieitis. 

The typieal history for appendieitis is a eentral abdominal, 
eolieky (intermittent waxing and waning) pain, which 
over a period of hours loealizes to beeome a eonstant 
pain in the right iliae fossa. The eentral eolieky pain is 
typieal for a poorly loealized viseeral type of pain. As the 
parietal peritoneum beeomes inflamed, the pain 
beeomes loealized. Although this patient does have right 
iliae fossa pain, the history is not typieal for appendieitis 
(although it must be remembered that patients may not 
always have a elassieal history for appendieitis). 

The surgical intern asked a more senior colleague for an 
opinion. 

The senior colleague eonsidered other anatomieal 
structures that lie within the right iliae fossa as a potential 
cause of pain. These include the appendix, the cecum, 


and the small bowel. Musculoskeletal pain and referred 
pain could also be potential causes. In women, pain may 
also arise from the ovary, fallopian tube, and uterus. In a 
young patient, diseases of these organs are rare. infeetion 
and pelvie inflammatory disease may occur in the 
younger patient and need to be eonsidered. 

The patient gave no history of these disorders. 

Upon further questioning, however, the patient revealed 
that her last menstrual period was 6 weeks before this 
examination. The senior physieian realized that a 
potential cause of the abdominal pain was a pregnaney 
outside the uterus (eetopie pregnaney). The patient was 
rushed for an abdominal ultrasound, which revealed no 
fetus or sae in the uterus. She was also noted to have a 
positive pregnaney test. The patient underwent surgery 
and was found to have a ruptured fallopian tube caused 
by an eetopie pregnaney. 

Whenever a patient has apparent pelvie pain, it is 
important to eonsider the gender-related anatomieal 
differenees. Eetopie pregnaney should always be 
eonsidered in women of ehildbearing age. 
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to such an extent in benign diseases. Aggressive prostate 
eaneer ean spread throughout the vvhole of the pelvis, 
although this is often assoeiated with bowel obstruction 
and severe bladder symptoms. 


Case 7 

LJTERINE TLJMOR 

A 35-year-old woman visited her family praetitioner 
because she had a "bloating" feeling and an inerease 
in abdominal girth. The family praetitioner examined 
the lower abdomen, which revealed a mass that 
extended from the superior pubic rami to the level of 
the umbilicus. The superior margin of the mass was 
easily palpated, but the inferior margin appeared to 
be less well defìned. 

This patient has a pelvie mass. 

When examining a patient in the supine position, the 
observer should uncover the whole of the abdomen. 

inspeetion revealed a bulge in the lower abdomen to the 
level of the umbilicus. Palpation revealed a hard and 
slightly irregular mass with well-defìned superior and 
lateral borders and a less well-defined inferior border, 
giving the impression that the mass continued into the 
pelvis. The lesion was dull to percussion. Auscultation did 
not reveal any abnormal sounds. 

The doetor pondered which structures this mass may be 
arising from. When examining the pelvis, it is important 
to remember the sex differenees. Common to both men 
and women are the rectum, bowel, bladder, and 
musculature. Certain pathologieal states are also eommon 
to both sexes, including the development of pelvie 
abseesses and fluid eolleetions. 

In men, the prostate eannot be palpated 
transabdominally, and it is extremely rare for it to enlarge 


In women, a number of organs ean develop large masses, 
including the ovaries (solid and eystie tumors), the 
embryologieal remnants within the broad ligaments, and 
the uterus (pregnaney and fibroids). 


The physieian asked further questions. 

It is always important to establish whether the patient is 
pregnant (oeeasionally, pregnaney may eome as a 
surprise to the patient). 

This patient's pregnaney test was negative. After the 
patient emptied her bladder, there was no ehange in the 
mass. The physieian thought the mass might be a 
eommon benign tumor of the uterus (fibroid). To 
establish the diagnosis, he obtained an ultrasound sean 
of the pelvis, which eonfìrmed that the mass stemmed 
from the uterus. 

The patient was referred to a gyneeologist, and after a 
long discussion regarding her symptomatology, fertility, 
and risks, the surgeon and the patient agreed that a 
hystereetomy (surgical removal of the uterus) would be 
an appropriate course of therapy. 

The patient sought a series of opinions from other 
gyneeologists, all of whom agreed that surgery was the 
appropriate option. 

The fibroid was removed with no eomplieations. 
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Case 8 


IITERINE FIBROIDS 

A 52-year-old woman was referred to a gyneeologist. 
Magnetie resonanee imaging (MRI) indieated the 
presenee of uterine fibroids. After a long discussion 
regarding her symptomatology, fertility, and risks, 
she was offered the ehoiee between a hystereetomy 
(surgical removal of the uterus) or uterine artery 
embolization. 



56.3 mm 


A uterine artery embolization is a procedure where an 
interventional radiologist uses a eatheter to injeet small 
partieles into the uterine arteries. This reduces the blood 
supply to the fibroids and causes them to shrink. 

The patient opted for the uterine artery embolization. 

An MRI performed 6 months after the embolization 
procedure showed a favorable reduction in the size of 
the uterine fibroids (Fig. 5.88). 



46.1 mm 


Fig. 5.88 Sagittal MRI of the pelvie eavity. A. Measurement of a fibroid before the uterine artery embolization. B. Measurement of a 
fibroid 6 months after the embolization. The size of the fìbroid has deereased. 
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Conceptual overview 

GENERAL INTRODUCTION 

The lower limb is direetly anehored to the axial skeleton by 
a saeroiliae joint and by strong ligaments, which link the 
pelvie bone to the sacrum. It is separated from the abdomen, 
baek, andperineum by a continuous line (Fig. 6.1), which: 

joins the pubic tubercle with the anterior superior iliae 
spine (position of the inguinal ligament) and then eon- 
tinues along the iliae erest to the posterior superior iliae 


spine to separate the lower limb from the anterior and 
lateral abdominal walls; 

passes between the posterior superior iliae spine and 
along the dorsolateral surface of the sacrum to the 
coccyx to separate the lower limb from the muscles of 
the baek; and 

joins the medial margin of the sacrotuberous ligament, 
the isehial tuberosity, the ischiopubic ramus, and the 
pubic symphysis to separate the lower limb from the 
perineum. 




Anterior saperior 

iliae spine 


Sacrotuberous 
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Fig. 6.1 Upper margin of the lower limb. 




















Lovver Limb 



The lower limb is divided into the gluteal region, thigh, 
leg, andfoot on the basis of major joints, eomponent bones, 
and superficial landmarks (Fig. 6.2): 

The gluteal region is posterolateral and between the 
iliae erest and the fold of skin (gluteal fold) that defines 
the lower limit of the buttocks. 


Anteriorly, the thigh is between the inguinal ligament 
and the knee joint—the hip joint is just inferior to the 
middle third of the inguinal ligament, and the posterior 
thigh is between the gluteal fold and the knee. 

The leg is between the knee and ankle joint. 

The foot is distal to the ankle joint. 


Anterior abdominal wall 
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Fig. 6.2 Regions of the lower limb. 


536 






















































Conceptual overvievv • Function 


6 


The femoral triangle and popliteal fossa, as well as the 
posteromedial side of the ankle, are important areas of 
transition through which structures pass between regions 

(Fig. 6.3). 

The femoral triangle is a pyramid-shaped depression 
formed by muscles in the proximal regions of the thigh 
and by the inguinal ligament, which forms the base of the 
triangle. The major blood supply and one of the nerves of 
the limb (femoral nerve) enter into the thigh from the 
abdomen by passing under the inguinal ligament and into 
the femoral triangle. 

The popliteal fossa is posterior to the knee joint and is 
a diamond-shaped region formed by imiseles of the thigh 
and leg. Major vessels and nerves pass between the thigh 
and leg through the popliteal fossa. 

Most nerves, vessels, and flexor tendons that pass 
between the leg and foot pass through a series of eanals 
(eolleetively termed the tarsal tunnel) on the posteromedial 
side of the ankle. The eanals are formed by adjaeent bones 
and a flexor retinaculum, which holds the tendons in 
position. 


Inguina( Hgament 


Femoral triangle 


Popliteai fossa 
(posterior to knee) 


Tarsal tunnei 


i 



FUNCTION 

Support the body weight 

A major function of the lower limb is to support the weight 
of the body with minimal expenditure of energy. When 
standing ereet, the eenter of gravity is anterior to the edge 
of the SII vertebra in the pelvis (Fig. 6.4). The vertieal line 
through the eenter of gravity is slightly posterior to the 
hip joints, anterior to the knee and ankle joints, and 
direetly over the almost circular support base formed by the 
feet on the ground and holds the knee and hip joints in 
extension. 

The organization of ligaments at the hip and knee joints, 
together with the shape of the articular surfaces, particu- 
larly at the knee, faeilitates “loeking” of these joints into 
position when standing, thereby reducing the muscular 
energy required to maintain a standing position. 


Loeomotion 

A seeond major function of the lower limbs is to move the 
body through spaee. This involves the integration of move- 
ments at all joints in the lower limb to position the foot on 
the ground and to move the body over the foot. 
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Fig. 6.3 Areas of transition. 


Fig. 6.4 Center and line of gravity. 
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Lovver Limb 



Movements at the hip joint are flexion, extension, abduc- 
tion, adduction, medial and lateral rotation, and circum- 
duction (Fig. 6.5). 

The knee and ankle joints are primarily hinge joints. 
Movements at the knee are mainly flexion and extension 
(Fig. 6.6A). Movements at the ankle are dorsiflexion 


(movement of the dorsal side of the foot toward the leg) 
and plantarflexion (Fig. 6.6B). 

During walking, many anatomieal features of the lower 
limbs contribute to minimizing fluctuations in the body’s 
eenter of gravity and thereby reduce the amount of energy 
needed to maintain loeomotion and produce a smooth, 



Abduction of 
femur on fixed pelvis 


Gluteus medìus 
and gluteus mìnìmus 


Abductíon 


B 




Abduction of 
pelvis on 
fixed femur 



ì ^ | r Intemal 

^ rotation 




Fig. 6.5 Movements of the hip joint. A. Flexion and extension. B. Abduction and adduction. C. External and internal rotation. 
D. Circumduction. 
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Plantarflexion 

Fig. 6.6 Movements of the knee and ankle. A. Knee flexion and extension. B. Ankle dorsiflexion and plantarflexion. 


effieient gait (Fig. 6.7). They ineliide pelvie tilt in the 
eoronal plane, pelvie rotation in the transverse plane, 
movement of the knees toward the midline, flexion of the 
knees, and complex interaetions between the hip, knee, 
and ankle. As a result, during walking, the body’s eenter 
of gravity normally fluctuates only 5 em in both vertieal 
and lateral direetions. 

COMPONENT PARTS 
Bones and joints 

The bones of the gluteal region and the thigh are the pelvie 
bone and the femur (Fig. 6.8). The large ball and soeket 
joint between these two bones is the hip joint. 

The femur is the bone of the thigh. At its distal end, its 
major weight-bearing articulation is with the tibia, but it 
also articulates anteriorly with the patella (knee eap). The 
patella is the largest sesamoid bone in the body and is 
embedded in the quadriceps femoris tendon. 

The joint between the femur and tibia is the prineipal 
articulation of the knee joint, but the joint between 
the patella and femur shares the same articular eavity. 


Although the main movements at the knee are flexion and 
extension, the knee joint also allows the femur to rotate on 
the tibia. This rotation contributes to “loeking” of the knee 
when fully extended, particularly when standing. 

The leg eontains two bones: 

The tibia is medial in position, is larger than the laterally 
positioned fibula, and is the weight-bearing bone. 

■ The fibula does not take part in the knee joint and 
forms only the most lateral part of the ankle joint— 
proximally, it forms a small synovial joint (superior tib- 
iofibular joint) with the inferolateral surface of the head 
of the tibia. 

The tibia and fibula are linked along their lengths by an 
interosseous membrane, and at their distal ends by a 
fibrous inferior tibiofibular joint, and little movement 
occurs between them. The distal surfaces of the tibia and 
fibula together form a deep reeess. The ankle joint is formed 
by this reeess and part of one of the tarsal bones of the foot 
(talus), which projeets into the reeess. The ankle is most 
stable when dorsiflexed. 
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Lower Limb 



Vertieal shift in 
eenter of gravity 


Pelvie rotation in transverse plane 
minimizes drop in eenter of gravity by 
effeetively lengthening the limbs 



Internal rotation 
of hip joint 


Knee flexion on full stanee. Limb minimizes rise in 
eenter of gravity by effeetively shortening the limb 
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Lateral shift in 
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With adduction 
of hip (knees 
move toward 
midline) 
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of hip (knees do 
not move toward 
midline) 
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Fig. 6.7 Some of the determinants of gait. 
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Pelvie bone 


Hip joìnt 



Lateral malleolus 



Tibia 


Fibula 


Medial malleolus 


Fig. 6.8 Bones and joints of the lower limb. 
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Lower Limb 



The bones of the foot eonsist of the tarsal bones, the 
metatarsals, and the phalanges (Fig. 6.9). There are seven 
tarsal bones, which are organized in two rows with an 
intermediate bone between the two rows on the medial 
side. Inversion and eversion of the foot, or turning the sole 
of the foot inward and outward, respeetively, occur at joints 
between the tarsal bones. 

The tarsal bones articulate with the metatarsals at 
tarsometatarsal joints, which allow only limited sliding 
movements. 


Independent movements of the metatarsals are 
restrieted by deep transverse metatarsal ligaments, which 
effeetively link together the distal heads of the bones at the 
metatarsophalangeal joints. There is a metatarsal for eaeh 
of the five digits, and eaeh digit has three phalanges except 
for the great toe (digit I), which has only two. 

The metatarsophalangeal joints allow flexion, exten- 
sion, abduction, and adduction of the digits, but the range 
of movement is more restrieted than in the hand. 
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Proximal 

row 


Talus 


Subtalar joint 



Deep transverse 
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Fig.6.9 Bones of the foot. 
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Medial areh 


Plantar calcaneonavicular ligament 


Talus 


Calcaneus 




Transverse areh 
through metatarsals 



Fig. 6.10 Longitudinal and transverse arehes of the foot. 


The interphalangeal joints are hinge joints and allow 
flexion and extension. 

The bones of the foot are not organized in a single plane 
so that they lie flat on the ground. Rather, the metatarsals 
and tarsals form longitudinal and transverse arehes (Fig. 
6.10). The longitudinal areh is highest on the medial side 
of the foot. The arehes are flexible in nature and are sup- 
ported by muscles and ligaments. They absorb and trans- 
mit forees during walking and standing. 


Musdes 

Muscles of the gluteal region eonsist predominantly of 
extensors, rotators, and abductors of the hip joint (Fig. 
6.11). In addition to moving the thigh on a fìxed pelvis, 
these muscles also eontrol the movement of the pelvis rela- 
tive to the limb bearing the body’s weight (weight-bearing 
or stanee limb) while the other limb swings forward (swing 
limb) during walking. 



Extensor 

(gluteus maximus) 


Abductors 
(gluteus medius 
and gluteus minimus) 


Rotators 

(piriformis, obturator 
internus, gemelli, 
quadratus femoris) 


Fig. 6.11 Muscles of the gluteal region. 
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Lower Limb 



Major flexor muscles of the hip (iliopsoas—psoas major 
and iliacus) do not originate in the gluteal region or the 
thigh. Instead, they are attaehed to the posterior abdomi- 
nal wall and deseend through the gap between the inguinal 
ligament and pelvie bone to attaeh to the proximal end of 
the femur (Fig. 6.12). 

Muscles in the thigh and leg are separated into three 
eompartments by layers of faseia, bones, and ligaments 

(Fig. 6.13). 

In the thigh, there are medial (adductor), anterior 
(extensor), and posterior (flexor) eompartments: 

Most muscles in the medial eompartment aet mainly on 
the hip joint. 

■ The large imiseles (hamstrings) in the posterior eom- 
partment aet on the hip (extension) and knee (flexion) 
because they attaeh to both the pelvis and bones of the 
leg. 

Muscles in the anterior eompartment (quadriceps 
femoris) predominantly extend the knee. 


Muscles in the leg are divided into lateral (fìbular), ante- 
rior, and posterior eompartments: 

Muscles in the lateral eompartment predominantly 
evert the foot. 

Muscles in the anterior eompartment dorsiflex the foot 
and extend the digits. 

Muscles in the posterior eompartment plantarflex the 
foot and flex the digits; one of the muscles ean also flex 
the knee because it attaehes superiorly to the femur. 

Speeifìe muscles in eaeh of the three eompartments in 
the leg also provide dynamie support for the arehes of the 
foot. 

Muscles found entirely in the foot (intrinsie muscles) 
modify the forees produced by tendons entering the toes 
from the leg and provide dynamie support for the longitu- 
dinal arehes of the foot when walking, particularly when 
levering the body forward on the stanee limb just before 
toe-off. 



Psoas major 



Hip 

flexors 

(iliopsoas) 



Fig. 6.12 Major flexors of the hip. 



Anterior eompartment 



Medíal eompartment 
Anterior eompartment 
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Fig. 6.13 Muscle eompartments in the thigh and leg. 
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RELATIONSHIP TO OTHER REGIONS 


Unlike in the upper limb where most structures pass 
between the neek and limb through a single axillary inlet, 
in the lower limb, there are four major entry and exit points 
between the lower limb and the abdomen, pelvis, and 
perineum (Fig. 6.14). These are: 

the gap between the inguinal ligament and pelvie bone, 
the greater seiatie foramen, 

the obturator eanal (at the top of the obturator foramen), 
and 

■ the lesser seiatie foramen. 


Abdomen 

The lower limb communicates direetly with the abdomen 
through a gap between the pelvie bone and the inguinal 
ligament (Fig. 6.14). Structures passing though this gap 
include: 

■ muscles—psoas major, iliacus, and pectineus; 

nerves—femoral and femoral braneh of the genitofemo- 
ral nerves, and the lateral cutaneous nerve of the thigh; 
vessels—femoral artery and vein; and 
lymphaties. 



Obturator eanal 


Obturator membrane 


Greater seiatie foramen 


lnguinal ligament 


Sacrotuberous ligament 
Sacrospinous ligament 


Lesser seiatie foramen Gap between inguinal 

ligament and pelvie bone 


Fig. 6.14 Apertures of communication between the lower limb 
and other regions. 


This gap between the pelvie bone and the inguinal liga- 
ment is a weak area in the abdominal wall and often assoei- 
ated with abnormal protrusion of the abdominal eavity 
and eontents into the thigh (femoral hernia). This type of 
hernia usually occurs where the lymphatie vessels pass 
through the gap (the femoral eanal). 


Pelvis 

Structures within the pelvis communicate with the lower 
limb through two major apertmes (Fig. 6.14). 

Posteriorly, structures communicate with the gluteal 
region through the greater seiatie foramen and include: 

■ a muscle—piriformis; 

■ nerves—seiatie, superior and inferior gluteal, and 
pudendal nerves; and 

■ vessels—superior and inferior gluteal arteries and veins, 
and the internal pudendal artery. 

The seiatie nerve is the largest peripheral nerve of the 
body and is the major nerve of the lower limb. 

Anteriorly, the obturator nerve and vessels pass between 
the pelvis and thigh through the obturator eanal. This 
eanal is formed between bone at the top of the obtmator 
foramen and the obtmator membrane, which eloses most 
of the foramen during life. 


Perineum 

Structures pass between the perineum and gluteal region 
through the lesser seiatie foramen (Fig. 6.14). The most 
important with respeet to the lower limb is the tendon of 
the obturator internus muscle. 

The nerve and artery of the perineum (the internal 
pudendal artery and pudendal nerve) pass out of the pelvis 
through the greater seiatie foramen into the gluteal region 
and then immediately pass around the isehial spine and 
sacrospinous ligament and through the lesser seiatie 
foramen to enter the perineum. 


KEY POINTS 

Innervation is by liimbar and saeral 
spinal nerves 

Somatie motor and general sensory innervation of the 
lower limb is by peripheral nerves emanating from the 
lumbar and saeral plexuses on the posterior abdominal and 
pelvie walls. These plexuses are formed by the anterior 
rami of L1 to L3 and most of L4 (lumbar plexus) and L4 to 
S5 (saeral plexus). 


545 























Lovver Limb 



Nerves originating from the lumbar and saeral plexuses 
and entering the lower limb earry fìbers from spinal eord 
levels L1 to S3 (Fig. 6.15). Nerves from lower saeral seg- 
ments innervate the perineum. Terminal nerves exit the 
abdomen and pelvis through a number of apertures and 
foramina and enter the limb. As a consequence of this 
innervation, lumbar and upper saeral nerves are tested 


elinieally by examining the lower limb. In addition, elinieal 
signs (such as pain, pins-and-needles sensations, paresthe- 
sia, and fascicular muscle twitching) resulting from any 
disorder affeeting these spinal nerves (e.g., herniated 
intervertebral dise in the himbar region) appear in the 
lower limb. 
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Superior gluteal nerve (L4 to S1) 


Seiatie nerve (L4 to S3) 
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Tibial nerve (braneh of seiatie) 
(L4 to S3) 


Common fibular nerve (braneh of seiatie) 
(L4 to S2) 


546 


Fig. 6.15 Innervation of the lower limb. 
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Dermatomes in the lower limb are shown in Fig. 6.16. 
Regions that ean be tested for sensation and are reasonably 
autonomous (have minimal overlap) are: 

over the inguinal ligament—L1, 
lateral side of the thigh—L2, 
lower medial side of the thigh—L3, 

■ medial side of the great toe (digit I)—L4, 
medial side of digit II—L5, 
little toe (digit V)—Sl, 
baekof the thigh—S2, and 
skin over the gluteal fold—S3. 

The dermatomes of S 4 and S 5 are tested in the perineum. 
Seleeted joint movements are used to test myotomes 
(Fig. 6.17). For example: 


Flexion of the hip is eontrolled primarily by L1 and L2. 

■ Extension of the knee is eontrolled mainly by L3 and L4. 

■ Knee flexion is eontrolled mainly by L5 to S2. 

■ Plantarf lexion o f the f oot i s eontrolled predominantly by 
S1 and S2. 

Adduction of the digits is eontrolled by S2 and S3. 

In an unconscious patient, both somatie sensory and 
somatie motor functions of spinal eord levels ean be tested 
using tendon reflexes: 

A tap on the patellar ligament at the knee tests predomi- 
nantly L3 and L4. 

A tendon tap on the ealeaneal tendon posterior to 
the ankle (tendon of gastrocnemius and soleus) tests S1 
and S2. 



Adduction of toes S2, S3 



Fig. 6.17 Movements generated by myotomes. 


Fig. 6.16 Dermatomes of the lovver limb. Dots indieate 
autonomous zones (i.e., with minimal overlap). 
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Lower Limb 



Eaeh of the major muscle groups or eompartments in 
the lower limb is innervated primarily by one or more of 
the major nerves that originate from the lumbar and saeral 
plexuses (Fig. 6.18): 

Large muscles in the gluteal region are innervated by 
the superior and inferior gluteal nerves. 



Fig. 6.18 Major nerves of the lower limb (eolors indieate regions 
of motor innervation). 


Most muscles in the anterior eompartment of the thigh 
are innervated by the femoral nerve (except the tensor 
faseiae latae, which are innervated by the superior 
ghiteal nerve). 

Most muscles in the medial eompartment are inner- 
vated mainly by the obturator nerve (except the peetin- 
eus, which is innervated by the femoral nerve, and part 
of the adductor magnus, which is innervated by the 
tibial division of the seiatie nerve). 

Most imiseles in the posterior eompartment of the thigh 
and the leg and in the sole of the foot are innervated by 
the tibial part of the seiatie nerve (except the short head 
of the bieeps femoris in the posterior thigh, which is 
innervated by the eommon fibular division of the seiatie 
nerve). 

The anterior and lateral eompartments of the leg and 
imiseles assoeiated with the dorsal surface of the foot 
are innervated by the eommon fibular part of the seiatie 
nerve. 

In addition to innervating major muscle groups, eaeh 
of the major peripheral nerves originating from the lumbar 
and saeral plexuses earries general sensory information 
from patehes of skin (Fig. 6.19). Sensation from these 
areas ean be used to test for peripheral nerve lesions: 

The femoral nerve innervates skin on the anterior thigh, 
medial side of the leg, and medial side of the ankle. 

The obturator nerve innervates the medial side of the 
thigh. 

The tibial part of the seiatie nerve innervates the lateral 
side of the ankle and foot. 

The eommon fibular nerve innervates the lateral side of 
the leg and the dorsum of the foot. 
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Fig. 6.19 Regions of skin innervated by peripheral nerves. 
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Lovver Limb 



Nerves related to bone 

The eommon fibular braneh of the seiatie nerve curves 
laterally around the neek of the fibula when passing from 
the popliteal fossa into the leg (Fig. 6.20). The nerve ean 
be rolled against bone just distal to the attaehment of 
bieeps femoris to the head of the fibula. In this loeation, the 
nerve ean be damaged by impaet injuries, fractures to the 
bone, or leg easts that are plaeed too high. 

Siiperfìeial veins 

Large veins embedded in the subcutaneous (superficial) 
faseia of the lower limb (Fig. 6.21) often beeome distended 
(varieose). These vessels ean also be used for vascular 
transplantation. 


The most important superficial veins are the great and 
small saphenous veins, which originate from the medial 
and lateral sides, respeetively, of a dorsal venous areh in 
the foot. 

The great saphenous vein passes up the medial side of 
the leg, knee, and thigh to pass through an opening in 
deep faseia eovering the femoral triangle and join with 
the femoral vein. 

The small saphenous vein passes behind the distal end 
of the fibula (lateral malleolus) and up the baek of the 
leg to penetrate deep faseia and join the popliteal vein 
posterior to the knee. 


Common fibular 
nerve (neek of fibula) 


SuperficíaE braneh 



Deep braneh 
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vei n 


Dorsai venous areh 


Fig.6.21 Superficial veins. 
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Fig. 6.20 Nerves related to bone. 
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Regional anatomy 

Bony pelvis 

The external surfaces of the pelvie bones, sacrum, and 
coccyx are predominantly the regions of the pelvis assoei- 
ated with the lower limb, although some muscles do origi- 
nate from the deep or internal surfaces of these bones 
and from the deep surfaces of the lumbar vertebrae, above 
(Fig. 6.22). 

Eaeh pelvie bone is formed by three bones (ilium, 
ischium, and pubis), which fuse during ehildhood. The 
ilium is superior and the pubis and ischium are antero- 
inferior and posteroinferior, respeetively. 

The ilium articulates with the saemrn. The pelvie bone 
is further anehored to the end of the vertebral column 
(sacrum and coccyx) by the sacrotuberous and saerospi- 
nous ligaments, which attaeh to a tuberosity and spine on 
the isehhim. 


The outer surface of the ilium, and the adjaeent surfaces 
of the saemrn, coccyx, and sacrotuberous ligament, are 
assoeiated with the gluteal region of the lower limb and 
provide extensive muscle attaehment. The isehial tuberos- 
ity provides attaehment for many of the muscles in the 
posterior eompartment of the thigh, and the ischiopubic 
ramus and body of the pubis are assoeiated mainly with 
muscles in the medial eompartment of the thigh. The head 
of the femur articulates with the acetabulum on the lateral 
surface of the pelvie bone. 

Ilium 

The upper fan-shaped part of the ilium is assoeiated on its 
inner side with the abdomen and on its outer side with the 
lower limb. The top of this region is the iliae erest, which 


Tuberculum of iliae erest 


Anterior abdominal wall 

lliae erest 


Anterior syperior ìliae spine 


lnguina! ligament 


Anterior inferior iliae spine 

lliopubic eminenee 


Pubic tubercle 


Acetabulum 


LIV spine 



Horizontal plane through top of iliae erest 


Anterior gluteal line 
Posteríor gluteal line 



Sacrum 

Posterior inferior iliae spine 
Inferior gluteal line 



Sacrospinous ligament 


lschium 



isehíal tuberosity 


Fig. 6.22 External surface of the bony pelvis. Lateral view. 
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Lower Limb 


ends anteriorly as the anterior superior iliae spine and 
posteriorly as the posterior superior iliae spine. A 

prominent lateral expansion of the erest just posterior to 
the anterior superior iliae spine is the tuberculum of the 

iliae erest. 

The anterior inferior iliae spine is on the anterior margin 
of the ilium, and below this, where the ilium fuses with the 
pubis, is a raised area of bone (the iliopubic eminenee). 

The gluteal surface of the ilium faees posterolaterally 
and lies below the iliae erest. It is marked by three curved 
lines (inferior, anterior, and posterior gluteal lines), which 
divide the surface into four regions: 

■ The inferior gluteal line originates just superior to the 
anterior inferior iliae spine and curves inferiorly aeross 
the bone to end near the posterior margin of the 
acetabulum—the rectus femoris muscle attaehes to the 
anterior inferior iliae spine and to a roughened pateh of 
bone between the superior margin of the acetabulum 
and the inferior gluteal line. 

The anterior gluteal line originates from the lateral 
margin of the iliae erest between the anterior superior 
iliae spine and the tuberculum of the iliae erest, and 
arehes inferiorly aeross the ilium to disappear just supe- 
rior to the upper margin of the greater seiatie foramen— 
the gluteus minimus muscle originates from between 
the inferior and anterior gluteal lines. 


The posterior gluteal line deseends almost vertieally 
from the iliae erest to a position near the posterior infe- 
rior iliae spine—the gluteus medius muscle attaehes to 
bone between the anterior and posterior gluteal lines, 
and the gluteus maximus muscle attaehes posterior to 
the posterior gluteal line. 

isehial tuberosity 

The isehial tuberosity is posteroinferior to the acetabu- 
lum and is assoeiated mainly with the hamstring muscles 
of the posterior thigh (Fig. 6.23). It is divided into upper 
and lower areas by a transverse line. 

The upper area of the isehial tuberosity is oriented verti- 
eally and is further subdivided into two parts by an oblique 
line, which deseends, from medial to lateral, aeross the 
surface: 

The more medial part of the upper area is for the attaeh- 
ment of the eombined origin of the semitendinosus 
muscle and the long head of the bieeps femoris muscle. 
The lateral part is for the attaehment of the semimem- 
branosus muscle. 

The lower area of the isehial tuberosity is oriented hori- 
zontally and is divided into medial and lateral regions by a 
ridge of bone: 


Acetabulum 


Body of pubic bone 


lschiopubic ramus 



For attaehment of adductor magnus muscle 



isehial spine 


Forattaehment of semimembranosus muscle 


For attaehment of semitendinosus and 
long head of bieeps femoris muscle 


For attaehment of sacrotuberous ligament 


Covered by eonneetive tissue and bursa 


Fig. 6.23 isehial tuberosity. Posterolateral view. 
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The lateral region provides attaehment for part of the 
adductor magnus muscle. 

The medial part faees inferiorly and is eovered by eon- 
neetive tissue and by a bursa. 

When sitting, this medial part supports the body weight. 
The sacrotuberous ligament is attaehed to a sharp ridge 
on the medial margin of the isehial tuberosity. 

lschiopubic ramus and pubic bone 

The external surfaces of the ischiopubic ramus anterior to 
the isehial tuberosity and the body of the pubis provide 
attaehment for muscles of the medial eompartment of the 
thigh (Fig. 6.23). These imiseles include the adductor 
longus, adductor brevis, adductor magnus, pectineus, and 
graeilis. 

Acetabulum 

The large cup-shaped acetabulum for articulation with 
the head of the femur is on the lateral surface of the pelvie 
bone in the region where the ilium, pubis, and ischium fuse 

(Fig. 6.24). 

The margin of the acetabulum is marked inferiorly by a 
prominent noteh (acetabular noteh). 

The wall of the acetabulum eonsists of nonarticular 
and articular parts: 

The nonarticular part is rough and forms a shallow eir- 
cular depression (the acetabular fossa) in eentral and 
inferior parts of the acetabular floor—the acetabular 
noteh is continuous with the acetabular fossa. 


The articular surface is broad and surrounds the 
anterior, superior, and posterior margins of the acetabu- 
lar fossa. 

The smooth ereseent-shaped articular surface (the 
lunate surface) is broadest superiorly where most of 
the body’s weight is transmitted through the pelvis to the 
femur. The lunate surface is defìeient inferiorly at the aee- 
tabular noteh. 

The acetabular fossa provides attaehment for the liga- 
ment of the head of the femur, whereas blood vessels and 
nerves pass through the acetabular noteh. 
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Acetabular noteh 
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9lium 


Lunate surface 
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Fig. 6.24 Acetabulum. 


In the elinie 

Pelvie fraetiires 

The pelvie bones, saerom, and assoeiated joints form a 
bony ring surrounding the pelvie eavity. Soft tissue and 
viseeral organ damage must be suspected when the pelvis 
is fractured. Patients with multiple injuries and evidenee 
of ehest, abdominal, and lower limb trauma should also 
be investigated for pelvie trauma. 

Pelvie fractures ean be assoeiated with appreeiable 
blood loss (eoneealed exsanguination) and blood 
transfusion is often required. In addition, this bleeding 
tends to form a signifieant pelvie hematoma, which ean 
eompress nerves, press on organs, and inhibit pelvie 
viseeral function (Fig. 6.25). 

There are many ways of elassifying pelvie fractures r 
which enable the surgeon to determine the appropriate 


treatment and the patient's prognosis. Pelvie fractures are 
generally of four types. 

■ Type 1 injuries occur without dismption of the 
bony pelvie ring (e.g v a fracture of the iliae erest). 

These types of injuries are unlikely to represent 
signifieant trauma, though in the ease of a 
fracture of the iliae erest, blood loss needs to 

be assessed. 

■ Type 2 injuries occur with a single break in the bony 
pelvie ring. An example of this would be a single 
fracture with diastasis (separation) of the symphysis 
pubis. Again, these injuries are relatively benign in 
nature, but it may be appropriate to assess for 
blood loss. 

(continues) 
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■ Type 3 injuries occur with double breaks in the bony 
pelvie ring. These include bilateral fractures of the 
pubic rami r which may produce urethral damage. 

■ Type 4 injuries occur at and around the acetabulum. 

Other types of pelvie ring injuries include fractures of 
the pubic rami and dismption of the saero-iliae joint with 
or without disloeation. This may involve signifieant viseeral 
pelvie trauma and hemorrhage. 

Other general pelvie injuries include stress fractures 
and insufficiency fractures, as seen in athletes and elderly 
patients with osteoporosis, respeetively. 


Bladder 


Hematoma 



Fractures 


Fig. 6.25 Multiple fractures of the pelvis. Radiograph with 
eontrast in the bladder. A large accumulation of blood is 
deforming the bladder. 


Proximal femur 

The femur is the bone of the thigh and the longest 
bone in the body. Its proximal end is eharaeterized by 
a head and neek, and two large projeetions (the greater 
and lesser troehanters) on the upper part of the shaft 

(Fig. 6.26). 

The head of the femur is spherieal and articulates with 
the acetabulum of the pelvie bone. It is eharaeterized by a 
nonarticular pit (fovea) on its medial surface for the 
attaehment of the ligament of the head. 

The neek of the femur is a eylindrieal strut of bone that 
eonneets the head to the shaft of the femur. It projeets 
superomedially from the shaft at an angle of approximately 
125°, and projeets slightly forward. The orientation of the 
neek relative to the shaft inereases the range of movement 
of the hip joint. 

The upper part of the shaft of the femur bears a greater 
and lesser troehanter, which are attaehment sites for 
muscles that move the hip joint. 

Greater and lesser troehanters 

The greater troehanter extends superiorly from the shaft 
of the femur just lateral to the region where the shaft joins 
the neek of the femur (Fig. 6.26). It continues posteriorly 
where its medial surface is deeply grooved to form the tro- 
ehanterie fossa. The lateral wall of this fossa bears a 


distinet oval depression for attaehment of the obturator 
externus muscle. 

The greater troehanter has an elongate ridge on its 
anterolateral surface for attaehment of the gluteus 
minimus and a similar ridge more posteriorly on its lateral 
surface for attaehment of the gluteus medius. Between 
these two points, the greater troehanter is palpable. 

On the medial side of the superior aspeet of the greater 
troehanter and just above the troehanterie fossa is a small 
impression for attaehment of the obturator intermis and 
its assoeiated gemelli imiseles, and immediately above and 
behind this feature is an impression on the margin of the 
troehanter for attaehment of the piriformis muscle. 

The lesser troehanter is smaller than the greater tro- 
ehanter and has a blunt eonieal shape. It projeets postero- 
medially from the shaf’t of the femur just inferior to the 
junction with the neek (Fig. 6.26). It is the attaehment site 
for the eombined tendons of psoas major and iliacus 
muscles. 

Extending between the two troehanters and separating 
the shaft from the neek of the femur are the intertroehan- 
terie line and intertroehanterie erest. 

intertroehanterie line 

The intertroehanterie line is a ridge of bone on the ante- 
rior surface of the upper margin of the shaft that deseends 
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Fig. 6.26 Proximal end of the femur ( right ). A. Anterior view. B. Medial view. C. Posterior view. D. Lateral view. 
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medially from a tubercle on the anterior surface of the base 
of the greater troehanter to a position just anterior to the 
base of the lesser troehanter (Fig. 6.26). It is continuous 
with the peetineal line (spiral line), which curves medi- 
ally under the lesser troehanter and around the shaft of the 
femur to merge with the medial margin of the linea 
aspera on the posterior aspeet of the femur. 

intertroehanterie erest 

The intertroehanterie erest is on the posterior surface 
of the femur and deseends medially aeross the bone from 
the posterior margin of the greater troehanter to the base 
of the lesser troehanter (Fig. 6.26). It is a broad smooth 
ridge of bone with a prominent tubercle (the quadrate 
tubercle) on its upper half, which provides attaehment for 
the quadratus femoris muscle. 

Shaft of the femur 

The shaft of the femur deseends from lateral to medial in 
the eoronal plane at an angle of 7° from the vertieal axis 
(Fig. 6.27). The distal end of the femur is therefore eloser 
to the midline than the upper end of the shaft. 


The middle third of the shaft of the femur is triangular 
in shape with smooth lateral and medial margins between 
anterior, lateral (posterolateral), and medial (posterome- 
dial) surfaces. The posterior margin is broad and forms a 
prominent raised erest (the linea aspera). 

The linea aspera is a major site of muscle attaehment in 
the thigh. In the proximal third of the femur, the medial 
and lateral margins of the linea aspera diverge and eon- 
tinue superiorly as the peetineal line and gluteal tuberosity, 
respeetively (Fig. 6.27): 

The peetineal line curves anteriorly under the lesser tro- 
ehanter and joins the intertroehanterie line. 

■ The gluteal tuberosity is a broad linear roughening that 
curves laterally to the base of the greater troehanter. 

The gluteus maximus muscle is attaehed to the ghiteal 
tuberosity. 

The triangular area enelosed by the peetineal line, the 
gluteal tuberosity, and the intertroehanterie erest is the 
posterior surface of the proximal end of the femur. 
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Fig. 6.27 Shaft of the femur. On the right is a posterior view of proximal shaft of right femur. 
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In the elinie 

Femoral neckfractures 

Femoral neek fractures (Fig. 6.28) ean interrupt the blood 
supply to the femoral head. The blood supply to the head 
and neek is primarily from an arterial ring formed around 
the base of the femoral neek. From here, vessels course 
along the neek, penetrate the capsule, and supply the 
femoral head. The blood supply to the femoral head and 
femoral neek is further enhaneed by the artery of the 
ligamentum teres, vvhieh is generally small and variable. 
Femoral neek fractures may disrnpt assoeiated vessels and 
lead to neerosis of the femoral head. 





neek of femur 



Fig. 6.28 This radiograph of the pelvis, anteroposterior view, 
demonstrates a fracture of the neek of the femur. 
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Intertroehanterie fractures 

In these fraetiires, the break usually runs from the 
greater troehanter through to the lesser troehanter and 
does not involve the femoral neek. intertroehanterie 
fractures preserve the femoral neek blood supply and 
do not render the femoral head isehemie. 


In the dinie 
Femoral shaft fractures 

An appreeiable amount of energy is needed to fracture 
the femoral shaft. This type of injury is therefore 
aeeompanied by damage to the surrounding soft 
tissues, which include the muscle eompartments and 
the structures they eontain. 


Hip joint 

The hip joint is a synovial articulation between the head of 
the femur and the acetabulum of the pelvie bone (Fig. 
6.29A). The joint is a multiaxial ball and soeket joint 
designed for stability and weight-bearing at the expense of 


mobility. Movements at the joint include flexion, extension, 
abduction, adduction, medial and lateral rotation, and 
circumduction. 

When eonsidering the effeets of muscle aetion on the 
hip joint, the long neek of the femur and the angulation 
of the neek on the shaft of the femur must be borne 
in mind. For example, medial and lateral rotation of the 
femur involves muscles that move the greater troehanter 
forward and backward, respeetively, relative to the aeetab- 
ulum (Fig. 6.29B). 

The articular surfaces of the hip joint are: 

■ the spherieal head of the femur, and 

■ the lunate surface of the acetabulum of the pelvie bone. 

The acetabulum almost entirely eneompasses the hemi- 
spherieal head of the femur and contributes substantially 
to joint stability. The nonarticular acetabular fossa eon- 
tains loose eonneetive tissue. The lunate surface is eovered 
by hyaline eartilage and is broadest superiorly. 

Except for the fovea, the head of the femur is also eovered 
by hyaline eartilage. 

The rim of the acetabulum is raised slightly by a fibro- 
cartilaginous eollar (the acetabular labmrn). Inferiorly, 
the labram bridges aeross the acetabular noteh as the 


A 



Acetabulum of 
pelvie bone 


Lateral rotation 



ar 





Head of femur 


B 


Fig. 6.29 Hip joint. A. Articular surfaces. Anterior view. B. Movement of the neek of the femur during medial and lateral rotation. Superior 
view. 
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Fig. 6.30 Hip joint. A. Transverse acetabular ligament. B. Ligament of the head of the femur. The head of the femur has been laterally 
rotated out of the acetabulum to show the ligament. 


transverse acetabular ligament and eonverts the noteh 
into a foramen (Fig. 6.30A). 

The ligament of the head of the femur is a flat band 
of delieate eonneetive tissue that attaehes at one end to the 
fovea on the head of the femur and at the other end to the 
acetabular fossa, transverse acetabular ligament, and 
margins of the acetabular noteh (Fig. 6.30B). It earries a 
small braneh of the obturator artery, which contributes to 
the blood supply of the head of the femur. 

The synovial membrane attaehes to the margins of the 
articular surfaces of the femur and acetabulum, forms a 
tubular eovering around the ligament of the head of the 
femur, and lines the fìbrous membrane of the joint (Figs. 
6.3 0B and 6.31). From its attaehment to the margin of the 
head of the femur, the synovial membrane eovers the neek 
of the femur before refleeting onto the fìbrous membrane 

(Fig. 6.31). 

The fìbrous membrane that eneloses the hip joint is 
strong and generally thiek. Medially, it is attaehed to the 
margin of the acetabulum, the transverse acetabular 



Synovial membrane 


Line of attaehment 
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margin of 
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Fig. 6.31 Synovial membrane of the hip joint. 
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ligament, and the adjaeent margin of the obturator 
foramen (Fig. 6.32A). Laterally, it is attaehed to the inter- 
troehanterie line on the anterior aspeet of the femur and 
to the neek of the femur just proximal to the intertroehan- 
terie erest on the posterior surface. 

Ligaments 

Three ligaments reinforee the external surface of the 
fibrous membrane and stabilize the joint: the iliofemoral, 
pubofemoral, and isehiofemoral ligaments. 

The iliofemoral ligament is anterior to the hip joint 
andis triangular shaped (Fig. 6.32B). Its apexis attaehed 
to the ilium between the anterior inferior iliae spine and 
the margin of the acetabulum and its base is attaehed 
along the intertroehanterie line of the femur. Parts of 


the ligament attaehed above and below the intertro- 
ehanterie line are thieker than the part attaehed to the 
eentral part of the line. This results in the ligament 
having a Y appearanee. 

The pubofemoral ligament is anteroinferior to the hip 
joint (Fig. 6.32B). It is also triangular in shape, with its 
base attaehed medially to the iliopubic eminenee, adja- 
eent bone, and obturator membrane. Laterally, it blends 
with the fibrous membrane and with the deep surface 
of the iliofemoral ligament. 

The isehiofemoral ligament reinforees the posterior 
aspeet of the fibrous membrane (Fig. 6.32C). It is 

attaehed medially to the isehhim, just posteroinferior to 
the acetabulum, and laterally to the greater troehanter 
deep to the iliofemoral ligament. 




intertroehanterie line 


Anterior inferior iliae spine 


lliopiibie 

eminenee 


lliofemoral 


Pubofemoral ligament 



Fig. 6.32 Fibrous membrane and ligaments of the hip joint. A. Fibrous membrane of the joint capsule. Anterior view. B. Iliofemoral and 
pubofemoral ligaments. Anterior view. C. isehiofemoral ligament. Posterior view. 
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The fibers of all three ligaments are oriented in a spiral 
fashion around the hip joint so that they beeome taut when 
the joint is extended. This stabilizes the joint and reduces 
the amount of muscle energy required to maintain a stand- 
ing position. 

Vascular supply to the hip joint is predominantly 
through branehes of the obturator artery, medial and 


lateral circumflex femoral arteries, superior and inferior 
gluteal arteries, and the first perforating braneh of the deep 
artery of the thigh. The articular branehes of these vessels 
form a network around the joint (Fig. 6.33). 

The hip joint is innervated by articular branehes from 
the femoral, obturator, and superior gluteal nerves, and the 
nerve to the quadratus femoris. 
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Fig. 6.33 Blood supply of the hip joint. 
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Gateways to the lower límb 

There are four major routes by which structures pass from 
the abdomen and pelvis into and out of the lower limb. 
These are the obturator eanal, the greater seiatie foramen, 
the lesser seiatie foramen, and the gap between the ingui- 
nal ligament and the anterosuperior margin of the pelvis 

(Fig. 6.34). 

Obturator eanal 

The obturator eanal is an almost vertieally oriented pas- 
sageway at the anterosuperior edge of the obturator 
foramen (Fig. 6.34). It is bordered: 

■ above by a groove (obturator groove) on the inferior 
surface of the superior ramus of the pubic bone, and 
below by the upper margin of the obturator membrane, 
which fìlls most of the obturator foramen, and by 


imiseles (obturator internus and externus) attaehed to 
the inner and outer surfaces of the obturator membrane 
and surrounding bone. 

The obturator eanal eonneets the abdominopelvie 
region with the medial eompartment of the thigh. The 
obturator nerve and vessels pass through the eanal. 

Greater seiatie foramen 

The greater seiatie foramen is formed on the posterolat- 
eral pelvie wall and is the major route for structures to pass 
between the pelvis and the ghiteal region of the lower limb 
(Fig. 6.34). The margins of the foramen are formed by: 

■ the greater seiatie noteh, 

■ parts of the upper borders of the sacrospinous and 
sacrotuberous ligaments, and 

the lateral border of the saemrn. 
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Obturator eanal: 

• obturator nerve 

• obturator vessels 


Greater seiatie foramen above 
piriformis muscle: 

• Superior gluteal nerve, artery, vein 


Lesser seiatie foramen: 

• Obturator internus muscle tendon 

• Pudendal nerve and internal pudendal 
vessels pass into perineum 

from gluteal region 

Greater seiatie foramen below- 

piriformis muscle: 

• Seiatie nerve 

• Inferior gluteal nerve, artery, vein 

• Pudendal nerve 

• Internal pudendal artery and vein 

• Posterior femoral cutaneous nerve 

• Nerve to obturator internus and 
gemellus superior muscles 

• Nerve to quadratus femoris and 
gemellus inferior muscles 


Gap between inguinal 

ligament and pelvie bone 

• Psoas major, iliacus, 
pectineus muscles 

• Femoral artery 

• Femoral vein 

• Lymphaties 

• Femoral braneh of 
genitofemoral nerve 

• Lateral cutaneous 
nerve of thigh 

• Femoral nerve 


ligament 


562 


Fig. 6.34 Gateways to the lower limb. 
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The piriformis muscle passes out of the pelvis into the 
gluteal region through the greater seiatie foramen and 
separates the foramen into two parts, a part above the 
muscle and a part below: 

The superior gluteal nerve and vessels pass through the 
greater seiatie foramen above the piriformis. 

The seiatie nerve, inferior gluteal nerve and vessels, 
pudendal nerve and internal pudendal vessels, posterior 
cutaneous nerve of the thigh, nerve to the obturator 
internus and gemellus superior, and nerve to the qua- 
dratus femoris and gemellus inferior pass through the 
greater seiatie foramen below the muscle. 

Lesser seiatie foramen 

The lesser seiatie foramen is inferior to the greater 
seiatie foramen on the posterolateral pelvie wall (Fig. 
6.34). It is also inferior to the lateral attaehment of the 
pelvie floor (levator ani and coccygeus muscles) to the 
pelvie wall and therefore eonneets the ghiteal region with 
the perineum: 

The tendon of the obturator internus passes from the 
lateral pelvie wall through the lesser seiatie foramen 
into the gluteal region to insert on the femur. 

The pudendal nerve and internal pudendal vessels, 
which fìrst exit the pelvis by passing through the greater 
seiatie foramen below the piriformis muscle, enter the 
perineum below the pelvie floor by passing around the 
isehial spine and sacrospinous ligament and medially 
through the lesser seiatie foramen. 

Gap between the inguinal ligament 
and pelvie bone 

The large ereseent-shaped gap between the inguinal liga- 
ment above and the anterosuperior margin of the pelvie 
bone below is the major route of eomrmmieation between 
the abdomen and the anteromedial aspeet of the thigh (Fig. 
6.34). The psoas major, iliacus, and pectineus muscles pass 
through this gap to insert onto the femur. The major blood 
vessels (femoral artery and vein) and lymphaties of the 


lower limb also pass through it, as does the femoral nerve, 
to enter the femoral triangle of the thigh. 

Nerves 

Nerves that enter the lower limb from the abdomen and 
pelvis are terminal branehes of the lumbosacral plexus on 
the posterior wall of the abdomen and the posterolateral 
walls of the pelvis (Fig. 6.35 and Table 6.1). 

The liimbar plexus is formed by the anterior rami of 
spinal nerves L1 to L3 and part of L4 (see Chapter 4, pp. 
398-401). The rest of the anterior ramus of L4 and the 
anterior ramus of L5 eombine to form the himbosaeral 
trunk, which enters the pelvie eavity and joins with the 
anterior rami of S1 to S3 and part of S4 to form the saeral 
plexus (see Chapter 5, pp. 486-492). 

Major nerves that originate from the lmnbosaeral plexus 
and leave the abdomen and pelvis to enter the lower limb 
include the femoral nerve, obturator nerve, seiatie nerve, 
superior gluteal nerve, and inferior gluteal nerve. Other 
nerves that also originate from the plexus and enter the 
lower limb to supply skin or muscle include the lateral 
cutaneous nerve of the thigh, nerve to the obturator inter- 
nus, nerve to the quadratus femoris, posterior cutaneous 
nerve of the thigh, perforating cutaneous nerve, and 
branehes of the ilio-inguinal and genitofemoral nerves. 

Femoral nerve 

The femoral nerve earries contributions from the ante- 
rior rami of L2 to L4 and leaves the abdomen by passing 
through the gap between the inguinal ligament and supe- 
rior margin of the pelvis to enter the femoral triangle on 
the anteromedial aspeet of the thigh (Fig. 6.34 and Table 
6.1). In the femoral triangle it is lateral to the femoral 
artery. The femoral nerve: 

innervates all muscles in the anterior eompartment of 
the thigh, 

in the abdomen, gives rise to branehes that innervate 
the iliacus and pectineus muscles, and 
innervates skin over the anterior aspeet of the thigh, the 
anteromedial side of the knee, the medial side of the leg, 
and the medial side of the foot. 
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Fig. 6.35 Branehes of the lumbosacral plexus. 


Table 6.1 Branehes of the lumbosacral plexus assoeiated with the lower limb 

Braneh Spinal segments Fiinetion: motor 

llio-inguinal L1 No motor function in lower limb, but 

innervates muscles of the abdominal wall 

Genitofemoral L1, L2 No motor function in lower limb, but 

genital braneh innervates eremaster muscle 
in the wall of the spermatie eord in men 


Femoral 


Obturator 


L2 to L4 All muscles in the anterior eompartment of 

thigh; in the abdomen, also gives rise to 
branehes that supply iliacus and pectineus 

L2 to L4 All muscles in the medial eompartment of 

thigh (except pectineus and the part of 
adductor magnus attaehed to the ischium); 
also innervates obturator externus 


Function: sensory (cutaneous) 

Skin over anteromedial part of upper 
thigh and adjaeent skin of perineum 

Femoral braneh innervates skin on 
anterior eentral part of upper thigh; 
the genital braneh innervates skin in 
anterior partof perineum (anterior 
scrotum in men, and mons pubis and 
anterior labia majora in women) 

Skin over the anterior thigh, 
anteromedial knee, medial side 
of the leg, and the medial side 
of the foot 

Skin over upper medial aspeet of 
thigh 
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Table 6.1 Branehes of the lumbosacral plexus assoeiated with the lower limb—eont'd 


Braneh 

Spinal segments 

Function: motor 

Function: sensory (cutaneous) 

Seiatie 

L4 to S3 

All muscles in the posterior eompartment 
of thigh and the part of adductor magnus 
attaehed to the ischium; all muscles in the 
leg and foot 

Skin over lateral side of leg and foot, 
and over the sole and dorsal surface 
of foot 

Superior gluteal 

L4 to S1 

Muscles of the gluteal region (gluteus 
medius, gluteus minimus, tensor faseiae 
latae) 


Inferior gluteal 

L5 to S2 

Muscle of the gluteal region (gluteus 
maximus) 


Lateral cutaneous nerve of 
thigh 

L2,L3 


Parietal peritoneum in iliae fossa; skin 
over anterolateral thigh 

Posterior cutaneous nerve 
of thigh 

S1 to S3 


Skin over gluteal fold and upper 
medial aspeet of thigh and adjaeent 
perineum, posterior aspeet of thigh 
and upper posterior leg 

Nerve to quadratus femoris 

L4 to S1 

Muscles of gluteal region (quadratus 
femoris and gemellus inferior) 


Nerve to obturator internus 

L5 to S2 

Muscles of gluteal region (obturator 
internus and gemellus superior) 


Perforating cutaneous nerve 

S2, S3 


Skin over medial aspeet of 


gluteal fold 


Obturator nerve 

The obturator nerve, like the femoral nerve, originates 
from L2 to L4. It deseends along the posterior abdominal 
wall, passes through the pelvie eavity and enters the thigh 
by passing through the obturator eanal (Fig. 6.35 and 
Table 6.1). The obturator nerve innervates: 

■ all muscles in the medial eompartment of the thigh, 
except the part of the adductor magnus muscle that 
originates from the isehhim and the pectineus muscle, 
which are innervated by the seiatie and the femoral 
nerves, respeetively; 
the obturator externus muscle; and 
skin on the medial side of the upper thigh. 

Seiatie nerve 

The seiatie nerve is the largest nerve of the body and 
earries contributions from L4 to S3. It leaves the pelvis 
through the greater seiatie foramen inferior to the pirifor- 
mis muscle, enters and passes through the gluteal region 
(Fig. 6.35 and Fable 6.1), and then enters the posterior 
eompartment of the thigh where it divides into its two 
major branehes: 

the eommon fibular nerve, and 
the tibial nerve. 


Posterior divisions of L4 to S2 areearriedin the eommon 
fibular part of the nerve and the anterior divisions of L4 to 
S3 are earried in the tibial part. 

The seiatie nerve innervates: 

all muscles in the posterior eompartment of the thigh, 

■ the part of the adductor magnus originating from the 
ischium, 

■ all muscles in the leg and foot, and 

skin on the lateral side of the leg and the lateral side and 
sole of the foot. 

Gluteal nerves 

The gluteal nerves are major motor nerves of the ghiteal 
region. 

The superior gluteal nerve (Fig. 6.35 and Table 6.1) 
earries contributions from the anterior rami of L4 to Sl, 
leaves the pelvis through the greater seiatie foramen above 
the piriformis muscle, and innervates: 

■ the gluteus medius and minimus muscles, and 
the tensor faseiae latae muscle. 

The inferior gluteal nerve (Fig. 6.35 and Table 6.1) 
is formed by contributions from L5 to S2, leaves the 
pelvis through the greater seiatie foramen inferior to the 
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piriformis muscle, and enters the gluteal region to supply 
the gluteus maximus. 

llio-inguinal and genitofemoral nerves 

Terminal sensory branehes of the ilio-inguinal nerve (Ll) 
and the genitofemoral nerve (Ll, L2) deseend into the 
upper thigh from the lumbar plexus. 

The ilio-inguinal nerve originates from the superior 
part of the lumbar plexus, deseends around the abdominal 
wall in the plane between the transversus abdominis and 
internal oblique muscles, and then passes through the 
inguinal eanal to leave the abdominal wall through the 
superficial inguinal ring (Fig. 6.35 and Pable 6.1). Its ter- 
minal branehes innervate skin on the medial side of the 
upper thigh and adjaeent parts of the perineum. 

The genitofemoral nerve passes anteroinferiorly 
through the psoas major muscle on the posterior abdomi- 
nal wall and deseends on the anterior surface of the psoas 
major (Fig. 6.35 andTable 6.1). Its femoral braneh passes 
into the thigh by erossing under the inguinal ligament 
where it is lateral to the femoral artery. It passes superfi- 
eially to innervate skin over the upper eentral part of the 
anterior thigh. 

Lateral cutaneous nerve of thigh 

The lateral cutaneous nerve of the thigh originates 
from L2 and L3. It leaves the abdomen either by passing 
through the gap between the inguinal ligament and the 
pelvie bone just medial to the anterior superior iliae spine 
or by passing direetly through the inguinal ligament (Fig. 
6.35 and Fable 6.1). It supplies skin on the lateral side of 
the thigh. 

Nerve to quadratus femoris and nerve 
to obturator internus 

The nerve to the quadratus femoris (L4 to Sl) and the 
nerve to the obturator internus (L5 to S2) are small 
motor nerves that originate from the saeral plexus. Both 
nerves pass through the greater seiatie foramen inferior to 
the piriformis muscle and enter the gluteal region (Fig. 
6.35 and Table 6.1): 

The nerve to the obturator internus supplies the gemel- 
lus superior muscle in the gluteal region and then loops 
around the isehial spine and enters the perineum 
through the lesser seiatie foramen to penetrate the peri- 
neal surface of the obturator intermis muscle. 

The nerve to the quadratus femoris supplies the gemel- 
lus inferior and quadratus femoris muscles. 


Posterior cutaneous nerve of thigh 

The posterior cutaneous nerve of the thigh is formed 
by contributions from S1 to S3 and leaves the pelvie eavity 
through the greater seiatie foramen inferior to the pirifor- 
mis imisele (Fig. 6.35 and Table 6.1). It passes vertieally 
through the gluteal region deep to the gluteus maximus 
and enters the posterior thigh and innervates: 

a longitudinal band of skin over the posterior aspeet of 
the thigh that continues into the upper leg, and 
skin over the gluteal fold, over the upper medial part of 
the thigh and in the adjaeent regions of the perineum. 

Perforating cutaneous nerve 

The perforating cutaneous nerve is a small sensory 
nerveformedby contributions from S2 and S3. It leaves the 
pelvie eavity by penetrating direetly through the sacrotu- 
berous ligament (Fig. 6.35 and Table 6.1 ) and passes infe- 
riorly around the lower border of the gluteus maximus 
where it overlaps with the posterior cutaneous nerve of the 
thigh in innervating skin over the medial aspeet of the 
gluteal fold. 

Arteries 
Femoral artery 

The major artery supplying the lower limb is the femoral 
artery (Fig. 6.36), which is the continuation of the exter- 
nal iliae artery in the abdomen. The external iliae artery 
beeomes the femoral artery as the vessel passes under the 
inguinal ligament to enter the femoral triangle in the ante- 
rior aspeet of the thigh. Branehes supply most of the thigh 
and all of the leg and foot. 

Superior and inferior gluteal arteries and 
the obturator artery 

Other vessels supplying parts of the lower limb include the 
superior and inferior gluteal arteries and the obturator 
artery (Fig. 6.36). 

The superior and inferior gluteal arteries originate 
in the pelvie eavity as branehes of the internal iliae artery 
(see Ohapter 5, pp. 495-498) andsupply the ghitealregion. 
The superior gluteal artery leaves the pelvis through the 
greater seiatie foramen above the piriformis muscle, and 
the inferior gluteal artery leaves through the same foramen 
but below the piriformis muscle. 
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Fig. 6.36 Arteries of the lovver limb. 
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The obturator artery is also a braneh of the internal 
iliae artery in the pelvie eavity (see Chapter 5, pp. 496- 
497) and passes through the obturator eanal to enter and 
supply the medial eompartment of the thigh. 

Branehes of the femoral, inferior gluteal, superior 
gluteal, and obturator arteries, together with branehes 
from the internal pudendal artery of the perineum, 
intereonneet to form an anastomotie network in the 
upper thigh and gluteal region. The presenee of these anas- 
tomotie ehannels may provide eollateral circulation when 
one of the vessels is intermpted. 


Veins 

Veins draining the lower limb form superficial and deep 
groups. 

The deep veins generally follow the arteries (femoral, 
superior gluteal, inferior ghiteal, and obturator). The major 
deep vein draining the limb is the femoral vein (Fig. 6.37). 
It beeomes the external iliae vein when it passes under the 
inguinal ligament to enter the abdomen. 

The superficial veins are in the subcutaneous eonnee- 
tive tissue and are intereonneeted with and ultimately 
drain into the deep veins. The superficial veins form two 
major ehannels—the great saphenous vein and the small 
saphenous vein. Both veins originate from a dorsal venous 
areh in the foot: 

The great saphenous vein originates from the medial 
side of the dorsal venous areh and then aseends up the 
medial side of the leg, knee, and thigh to eonneet with 
the femoral vein just inferior to the inguinal ligament. 

■ The small saphenous vein originates from the lateral 
side of the dorsal venous areh, aseends up the posterior 
surface of the leg, and then penetrates deep faseia to join 
the popliteal vein posterior to the knee; proximal to the 
knee, the popliteal vein beeomes the femoral vein. 
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Fig. 6.37 Veins of the lower limb. 
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ln the elinie 
Varieose veins 

The normal flow of blood in the lower limbs is from the 
skin and subcutaneous tissues to the superficial veins, 
which drain via perforating veins to the deep veins, which 
in turn drain into the iliae veins and inferior 
vena eava. 

The normal flow of blood in the venous system 
depends upon the presenee of eompetent valves, which 
prevent reflux. Venous return is supplemented with 
eontraetion of the muscles in the lower limb, which pump 
the blood toward the heart. When venous valves beeome 
ineompetent they tend to plaee extra pressure on more 
distal valves, which may also beeome ineompetent. This 
eondition produces dilated tortuous superficial veins 
(varieose veins) in the distribution of the great (long) and 
small (short) saphenous venous systems. 

Varieose veins occur more eommonly in women than 
in men, and symptoms are often aggravated by 
pregnaney. Some individuals have a genetie 
predisposition to developing varieose veins. Valves may 
also be destroyed when a deep vein thrombosis occurs if 


the elot ineorporates the valve into its interstiees; during 
the proeess of healing and reeanalization the valve is 
destroyed, rendering it ineompetent. 

Typieal sites for valvular ineompetenee include the 
junction between the great (long) saphenous vein and the 
femoral vein, perforating veins in the midthigh, and the 
junction between the small (short) saphenous vein and 
the popliteal vein. 

Varieose veins may be unsightly 7 and softtissue 
ehanges may occur with ehronie venous ineompetenee. As 
the venous pressure rises, inereased venular and eapillary 
pressure damages the eells, and blood and blood 
products extrude into the soft tissue. This may produce a 
brown pigmentation in the skin, and venous eezema may 
develop. Furthermore, if the pressure remains high the 
skin may break down and ulcerate, and many weeks of 
hospitalization may be needed for this to heal. 

Treatments for varieose veins include tying off the 
valve, "stripping" (removing) the great (long) and small 
(short) saphenous systems, and in some eases valvular 
reconstruction. 


In the elinie 


Deep vein thrombosis 

Thrombosis may occur in the deep veins of the lower limb 
and within the pelvie veins. Its etiology was eloquently 
deseribed by Virchow 7 who deseribed the elassie triad 
(venous stasis, injury to the vessel wall, and 
hypercoagulable states) that preeipitates thrombosis. 

In some patients a deep vein thrombosis (DVT) in the 
ealf veins may propagate into the femoral veins. This elot 
may break off and pass through the heart to enter the 
pulmonary eireolation, resulting in occlusion ofthe 
pulmonary artery, cardiopulmonary arrest, and death. 

A signifieant number of patients undergoing surgery 
are likely to develop a DVT, so most surgical patients are 
given speeifie prophylaetie treatment to prevent 


thrombosis. A typieal DVT prophylaetie regimen includes 
anticoagulant injeetions and graduated stoekings (to 
prevent deep venous stasis and faeilitate emptying of the 
deep veins). 

Although physieians aim to prevent the formation of 
DVT, it is not always possible to deteet it because there 
may be no elinieal signs. Calf muscle tenderness, 
postoperative pyrexia, and limb swelling ean be helpful 
clues. The diagnosis is made by duplex Doppler 
sonography or aseending venography. 

If DVTis eonfirmed, intravenous and oral 
anticoagulation are started to prevent extension of the 
thrombus. 
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Lymphaties 

Most lymphatie vessels in the lower limb drain into super- 
fieial and deep inguinal nodes loeated in the faseia just 
inferior to the inguinal ligament (Fig. 6.38). 

Siiperfìeial inguinal nodes 

The superficial inguinal nodes, approximately ten in 
mimber, are in the superficial faseia and parallel the course 
of the inguinal ligament in the upper thigh. Medially, they 
extend inferiorly along the terminal part of the great 
saphenous vein. 


Superficial inguinal nodes reeeive lymph from the 
gluteal region, lower abdominal wall, perineum, and super- 
fieial regions of the lower limb. They drain, via vessels that 
aeeompany the femoral vessels, into external iliae nodes 
assoeiated with the external iliae artery in the abdomen. 

Deep inguinal nodes 

The deep inguinal nodes, up to three in number, are 
medial to the femoral vein (Fig. 6.38). 

The deep inguinal nodes reeeive lymph from deep lym- 
phaties assoeiated with the femoral vessels and from the 
glans penis (or elitoris) in the perineum. They intereonneet 
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Fig. 6.38 Lymphatie drainage of the lower limb. 
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with the superficial inguinal nodes and drain into the 
external iliae nodes via vessels that pass along the medial 
side of the femoral vein as it passes under the inguinal liga- 
ment. The spaee through which the lymphatie vessels pass 
under the inguinal ligament is the femoral eanal. 

Popliteal nodes 

In addition to the inguinal nodes, there is a small eolleetion 
of deep nodes posterior to the knee elose to the popliteal 
vessels (Fig. 6.38). These popliteal nodes reeeive 
lymph from superficial vessels, which aeeompany the small 
saphenous vein, and from deep areas of the leg and foot. 
They ultimately drain into the deep and superficial ingui- 
nal nodes. 


Deep faseia and the saphenous opening 

Faseia lata 

The outer layer of deep faseia in the lower limb forms a 
thiek “stoeking-like” membrane, which eovers the limb 
and lies beneath the superficial faseia (Fig. 6.39A). This 
deep faseia is particularly thiek in the thigh and gluteal 
region and is termed the faseia lata. 

The faseia lata is anehored superiorly to bone and soft 
tissues along a line of attaehment that defines the upper 
margin of the lower limb. Beginning anteriorly and eir- 
eling laterally around the limb, this line of attaehment 
includes the inguinal ligament, iliae erest, sacrum, coccyx, 
sacrotuberous ligament, inferior ramus of the pubic 
bone, body of the pubic bone, and superior ramus of the 
pubic bone. 

Inferiorly, the faseia lata is continuous with the deep 
faseia of the leg. 
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Fig. 6.39 Faseia lata. A. Right limb. Anterior view. B. Lateral view 


lliotibial traet 

The faseia lata is thiekened laterally into a longitudinal 
band (the iliotibial traet), which deseends along the 
lateral margin of the limb from the tuberculum of the iliae 
erest to a bony attaehment just below the knee (Fig. 6.39B). 

The superior aspeet of the faseia lata in the gluteal 
region splits anteriorly to enelose the tensor faseiae latae 
rmisele and posteriorly to enelose the gluteus maximus 
muscle: 

The tensor faseiae latae muscle is partially enelosed by 
and inserts into the superior and anterior aspeets of the 
iliotibial traet. 


Most of the gluteus maximus muscle inserts into the 
posterior aspeet of the iliotibial traet. 

The tensor faseiae latae and gluteus maximus muscles, 
working through their attaehments to the iliotibial traet, 
hold the leg in extension onee other muscles have extended 
the leg at the knee joint. The iliotibial traet and its two 
assoeiated muscles also stabilize the hip joint by preventing 
lateral displaeement of the proximal end of the femur away 
from the acetabulum. 
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Saphenous opening 

The faseia lata hasone prominent aperture on the anterior 
aspeet of the thigh just inferior to the medial end of the 
inguinal ligament (the saphenous opening), which 
allows the great saphenous vein to pass from superficial 
faseia through the deep faseia to eonneet with the femoral 
vein (Fig. 6.40). 

The margin of the saphenous opening is formed by the 
free medial edge of the faseia lata as it deseends from the 
inguinal ligament and spirals around the lateral side of 
the great saphenous vein and medially under the femoral 
vein to attaeh to the peetineal line (peeten pubis) of the 
pelvie bone. 


Femoral triangle 

The femoral triangle is a wedge-shaped depression formed 
by muscles in the upper thigh at the junction between the 
anterior abdominal wall and the lower limb (Fig. 6.41): 

The base of the triangle is the inguinal ligament. 

The medial border is the medial margin of the adductor 
longus muscle in the medial eompartment of the thigh. 
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Fig.6.40 Saphenous ring. Anterior view. 


The lateral margin is the medial margin of the sartorhis 
muscle in the anterior eompartment of the thigh. 

The floor of the triangle is formed medially by the pee- 
tineus and adductor longus muscles in the medial eom- 
partment of the thigh and laterally by the iliopsoas 
muscle deseending from the abdomen. 

The apex of the femoral triangle points inferiorly and is 
continuous with a faseial eanal (addiietor eanal), 
which deseends medially down the thigh and posteriorly 
through an aperture in the lower end of one of the 
largest of the adductor muscles in the thigh (the adduc- 
tor magnus muscle) to open into the popliteal fossa 
behind the knee. 

The femoral nerve, artery, and vein and lymphaties 
pass between the abdomen and lower limb under the 
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Fig. 6.41 Boundaries of the femoral triangle. 
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ingmnal ligament and in the femoral triangle (Fig. 6.42). 
The femoral artery and vein pass inferiorly through the 
adductor eanal and beeome the popliteal vessels behind the 
knee where they meet and are distributed with branehes 
of the seiatie nerve, which deseends through the posterior 
thigh from the gluteal region. 

From lateral to medial, major structures in the femoral 
triangle are the femoral nerve, the femoral artery, the 
femoral vein, and lymphatie vessels. The femoral artery 
ean be palpated in the femoral triangle just inferior to the 
inguinal ligament and midway between the anterior supe- 
rior iliae spine and the pubic symphysis. 
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In the femoral triangle, the femoral artery and vein and the 
assoeiated lymphatie vessels are surrounded by a funnel- 
shaped sleeve of faseia (the femoral sheath). The sheath 
is continuous superiorly with the transversalis faseia and 
iliae faseia of the abdomen and merges inferiorly with eon- 
neetive tissue assoeiated with the vessels. Eaeh of the three 
structures surrounded by the sheath is eontained within a 
separate faseial eompartment within the sheath. The most 
medial eompartment (the femoral eanal) eontains the lym- 
phatie vessels and is eonieal in shape. The opening of this 
eanal superiorly is potentially a weak point in the lower 
abdomen and is the site for femoral hernias. The femoral 
nerve is lateral to and not eontained within the femoral 
sheath. 


In the elinie 

Vascular aeeess to the lower limb 

Deep and inferior to the inguinal ligament are the 
femoral artery and femoral vein. The femoral artery is 
palpable as it passesoverthe femoral head and may be 
easily demonstrated using ultrasound. If arterial or 
venous aeeess is needed rapidly, a physieian ean use the 
femoral approaeh to these vessels. 

Many radiologieal procedures involve eatheterization 
of the femoral artery or the femoral vein to obtain 
aeeess to the eontralateral lower limb, the ipsilateral 
lower limb, the vessels of the thorax and abdomen, and 
the eerebral vessels. 

Cardiologists also use the femoral artery to plaee 
eatheters in vessels around the areh of the aorta and 
into the eoronary arteries to perform eoronary 
angiography and angioplasty. 

Aeeess to the femoral vein permits eatheters to be 
maneuvered into the renal veins, the gonadal veins, the 
right atriom, and the right side of the heart, including 
the pulmonary artery and distal vessels of the 
pulmonary tree. Aeeess to the superior vena eava and 
the great veins of the neek is also possible. 


Fig. 6.42 Contents of the femoral triangle. 
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GLUTEAL REGION 


The gluteal region lies posterolateral to the bony pelvis and 
proximal end of the femur (Fig. 6.43). Muscles in the 
region mainly abduct, extend, and laterally rotate the 
femur relative to the pelvie bone. 

The gluteal region communicates anteromedially with 
the pelvie eavity and perineum through the greater seiatie 
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Fig. 6.43 Gluteal region. Posterior view. 


foramen and lesser seiatie foramen, respeetively. Inferiorly, 
it is continuous with the posterior thigh. 

The seiatie nerve enters the lower limb from the pelvie 
eavity by passing through the greater seiatie foramen and 
deseending through the gluteal region into the posterior 
thigh and then into the leg and foot. 

The pudendal nerve and internal pudendal vessels pass 
between the pelvie eavity and perineum by passing first 
through the greater seiatie foramen to enter the gluteal 
region and then immediately passing through the lesser 
seiatie foramen to enter the perineum. The nerve to the 
obturator internus and gemellus superior follows a similar 
course. Other nerves and vessels that pass through the 
greater seiatie foramen from the pelvie eavity supply struc- 
tures in the gluteal region itself. 


Musdes 

Muscles of the ghiteal region (Table 6.2) are eomposed 
mainly of two groups: 

a deep group of small muscles, which are mainly lateral 
rotators of the femur at the hip joint and include the 
piriformis, obturator internus, gemellus superior, gemel- 
lus inferior, and quadratus femoris; 
a more superficial group of larger muscles, which 
mainly abduct and extend the hip and include the 
gluteus minimus, gluteus medius, and gluteus maximus; 
an additional muscle in this group, the tensor faseiae 
latae, stabilizes the knee in extension by aeting on a 
speeialized longitudinal band of deep faseia (the iliotib- 
ial traet) that passes down the lateral side of the thigh 
to attaeh to the proximal end of the tibia in the leg. 

Many of the important nerves in the gluteal region are 
in the plane between the superficial and deep groups of 
muscles. 
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Table 6.2 Muscles of the gluteal region (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Piriformis 


Obturator internus 


Gemellus superior 


Gemellus inferior 


Quadratus femoris 


Gluteus minirrms 


Gluteus medius 


Gluteus maximus 


Tensor faseiae 
latae 


Origin Insertion Innervation Function 

Anterior surface of sacrum Medial side of superior Branehes from S1 Laterally rotates the extended 

between anterior saeral border of greater troehanter and S2 femur at hip joint; abducts 

foramina of femur flexed femur at hip joint 


Anterolateral wall of true 
pelvis; deep surface of 
obturator membrane and 
surrounding bone 

External surface of isehial spine 


llpper aspeet of isehial 
tuberosity 


Lateral aspeet of the ischium 
just anterior tothe isehial 
tuberosity 

External surface of ilium 
between inferior and anterior 
gluteal lines 


External surface of ilium 
between anterior and posterior 
gluteal lines 


Faseia eovering gluteus 
medius, external surface of 
ilium behind posterior gluteal 
line, faseia of ereetor spinae, 
dorsal surface of lower sacrum, 
lateral margin of coccyx, 
external surface of 
sacrotuberous ligament 

Lateral aspeet of erest of ilium 
between anterior superior iliae 
spine and tubercle of the erest 


Medial side of greater 
troehanter of femur 


Along length of superior 
surface of the obturator 
internus tendon and into the 
medial side of greater 
troehanter of femur with 
obturator internus tendon 

Along length of inferior 
surface of the obturator 
internus tendon and into the 
medial side of greater 
troehanter of femur with 
obturator internus tendon 

Quadrate tubercle on the 
intertroehanterie erest of the 
proximal femur 

Linearfaeet on the 
anterolateral aspeet of the 
greater troehanter 


Elongate faeet on the lateral 
surface of the greater 
troehanter 


Posterior aspeet of iliotibial 
traet of faseia lata and gluteal 
tuberosity of proximal femur 


lliotibial traet of faseia lata 


Nerve to obturator Laterally rotates the extended 
internus (L5, S1) femur at hip joint; abducts 

flexed femur at hip joint 


Nerve to obturator Laterally rotates the extended 
internus (L5, S1) femur at hip joint; abducts 

flexed femur at hip joint 


Nerve to quadratus Laterally rotates the extended 
femoris (L5, S1) femur at hip joint; abducts 

flexed femur at hip joint 


Nerve to quadratus Laterally rotates femur at hip 
femoris (L5, S1) joint 


Superior gluteal 
nerve (L4,L5, S1) 


Superior gluteal 
nerve (L4, L5, S1) 


Inferior gluteal 
nerve (L5, S1, S2) 


Abducts femur at hip joint; 
holds pelvis secure over 
stanee leg and prevents 
pelvie drop on the opposite 
swing side during walking; 
medially rotates thigh 

Abducts femur at hip joint; 
holds pelvis secure over 
stanee leg and prevents 
pelvie drop on the opposite 
swing side during walking; 
medially rotates thigh 

Powerful extensor of flexed 
femur at hip joint; lateral 
stabilizer of hip joint and 
knee joint; laterally rotates 
and abducts thigh 


Superior gluteal 
nerve (L4, L5, S1) 


Stabilizes the knee in 
extension 
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Deep group 

Piriformis 

The piriformis muscle is the most superior of the deep 
group of muscles (Fig. 6.44) and is a muscle of the pelvie 
wall and of the ghiteal region (see Chapter 5, p. 451). It 
originates from between the anterior saeral foramina on 
the anterolateral surface of the saeram and passes laterally 
and inferiorly through the greater seiatie foramen. 

In the gluteal region, the piriformis passes posterior to 
the hip joint and attaehes to a faeet on the upper margin 
of the greater troehanter of the femur. 

The piriformis externally rotates and abducts the femur 
at the hip joint and is innervated in the pelvie eavity by the 
nerve to the piriformis, which originates as branehes from 
S1 and S2 of the saeral plexus (see Chapter 5, p. 487). 

In addition to its aetion on the hip joint, the piriformis 
is an important landmark because it divides the greater 
seiatie foramen into two regions, one above and one below 
the piriformis. Vessels and nerves pass between the pelvis 
and gluteal region by passing through the greater seiatie 
foramen either above or below the piriformis. 


Obturator internus 

The obturator internus muscle, like the piriformis 
muscle, is a imisele of the pelvie wall and of the ghiteal 
region (Fig. 6.44). It is a flat fan-shaped muscle originating 
from the medial surface of the obturator membrane and 
adjaeent bone of the obturator foramen (see Chapter 5, pp. 
450-451). Because the pelvie floor attaehes to a thiekened 
band of faseia aeross the medial surface of the obturator 
internus, the obturator internus forms: 

the anterolateral wall of the pelvie eavity above the 
pelvie floor, and 

■ the lateral wall of the isehio-anal fossa in the perineum 
below the pelvie floor. 

The muscle fìbers of the obturator internus eonverge to 
form a tendon, which bends 90° around the isehhim 
between the isehial spine and isehial tuberosity and passes 
through the lesser seiatie foramen to enter the gluteal 
region. The tendon then passes posteroinferiorly to the hip 
joint and attaehes to the medial surface of the superior 
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Fig. 6.44 Deep muscles in the gluteal region. A. Posterior view. B. Function. 
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margin of the greater troehanter of the femur just inferior 
to the attaehment of the piriformis muscle. 

The obturator internus laterally rotates and abducts the 
femur at the hip joint and is innervated by the nerve to the 
obturator internus. 

Gemellus superior and inferior 

The gemellus superior and inferior (gemelli is Latin for 
‘Tivins”) are a pair of triangular muscles assoeiated with 
the upper and lower margins of the obturator internus 
tendon (Fig. 6.44): 

■ The base of the gemellus superior originates from the 
gluteal surface of the isehial spine. 

■ The base of the gemellus inferior originates from the 
upper gluteal and pelvie surfaces of the isehial 
tuberosity. 

Fibers of the gemellus muscles attaeh along the length 
of the obturator internus tendon, and the apiees of the two 
muscles insert with the tendon of the obturator internus 
on the greater troehanter of the femur. 

The gemellus superior is innervated by the nerve to the 
obturator internus, and the gemelhis inferior is innervated 
by the nerve to the quadratus femoris. The gemellus 
muscles aet with the obturator internus muscle to laterally 
rotate and abduct the femur at the hip joint. 

Quadratus femoris 

The quadratusfemoris muscle is the most inferior of the 
deep group of rmiseles in the gluteal region (Fig. 6.44). It 
is a flat rectangular muscle below the obturator internus 
muscle and its assoeiated gemellus muscles. 

The quadratus femoris is attaehed at one end to a linear 
roughening on the lateral aspeet of the isehhim just ante- 
rior to the isehial tuberosity and at the other end to the 
quadrate tubercle on the intertroehanterie erest of the 
proximal femur. 

The quadratus femoris laterally rotates the femur at the 
hip joint and is innervated by the nerve to the quadratus 
femoris. 

Superfìcial group 

Gluteus minimus and medius 

The gluteus minimus and medius muscles are two 
muscles of the more superficial group in the gluteal region 

(Fig. 6.44). 


The gluteus miniimis is a fan-shaped muscle that 
originates from the external surface of the expanded upper 
part of the ilium, between the inferior gluteal line and the 
anterior gluteal line. The muscle fibers eonverge inferiorly 
and laterally to form a tendon, which inserts into a broad 
linear faeet on the anterolateral aspeet of the greater 
troehanter. 

The gluteus medius overlies the gluteus minimus and 
is also fan shaped. It has a broad origin from the external 
surface of the ilium between the anterior gluteal line and 
posterior gluteal line and inserts on an elongate faeet on 
the lateral surface of the greater troehanter. 

The gluteus medius and minimus muscles abduct the 
lower limb at the hip joint and reduce pelvie drop over the 
opposite swing limb during walking by securing the posi- 
tion of the pelvis on the stanee limb (Fig. 6.44B). Both 
imiseles are innervated by the superior gluteal nerve. 


In the elinie 
Trendelenburg's sign 

Trendelenburg's sign occurs in people with weak or 
paralyzed abductor muscles (gluteus medius and 
gluteus minimus) ofthe hip. The sign is demonstrated 
by asking the patient to stand on one limb. When the 
patient stands on the affeeted limb, the pelvis severely 
drops over the swing limb. 

Positive signs are typieally found in patients with 
damage to the superior gluteal nerve. Damage to this 
nerve may occur with assoeiated pelvie fractures, with 
space-occupying lesions within the pelvis extending 
into the greater seiatie foramen, and in some eases 
relating to hip surgery during which there has been 
disruption of and subsequent atrophy of the insertion 
of the gluteus medius and gluteus minimus tendons on 
the greater troehanter. 

In patients with a positive Trendelenburg's sign, gait 
also is abnormal. Typieally during the stanee phase of 
the affeeted limb, the weakened abductor muscles 
allow the pelvis to tilt inferiorly over the swing limb. The 
patient eompensates for the pelvie drop by lurching the 
trunk to the affeeted side to maintain the level of the 
pelvis throughout the gait eyele. 
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Lower Limb 


Gluteus maximus 

The gluteus maximus is the largest muscle in the gluteal 
region and overlies most of the other gluteal muscles (Fig. 

6.45). 

The gluteus maximusis quadrangular in shape and has 
a broad origin extending from a roughened area of the 
ilium behind the posterior gluteal line and along the dorsal 
surface of the lower sacrum and the lateral surface of the 
coccyx to the external surface of the sacrotuberous liga- 
ment. It is also attaehed to faseia overlying the gluteus 
medius muscle and, between the ilium and sacrum, to 
faseia eovering the ereetor spinae muscle, and is often 
deseribed as being enelosed within two layers of the faseia 
lata, which eovers the thigh and gluteal region. 

Laterally, the upper and superficial lower parts of the 
gluteus maximus insert into the posterior aspeet of a ten- 
dinous thiekening of the faseia lata (the iliotibial traet), 
which passes over the lateral surface of the greater tro- 
ehanter and deseends down the thigh and into the upper 
leg. Deep distal parts of the muscle attaeh to the elongate 
gluteal tuberosity of the proximal femur. 

The gluteus maximus mainly extends the flexed thigh at 
the hip joint. Through its insertion into the iliotibial traet, 
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it also stabilizes the knee and hip joints. It is innervated by 
the inferior gluteal nerve. 

Tensor faseiae latae 

The tensor faseiae latae muscle is the most anterior of the 
superficial group of muscles in the gluteal region and over- 
lies the gluteus minimus and the anterior part of the 
gluteus medius (Fig. 6.46). 

The tensor faseiae latae originates from the outer margin 
of the iliae erest from the anterior superior iliae spine to 
approximately the tuberculum of the iliae erest. The muscle 
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Fig. 6.45 Gluteus maximus muscle. Posterior view. 


Fig. 6.46 Tensor faseiae latae. Left gluteal region, lateral view. 


























Regional anatomy • Gluteal Region 


6 


fibers deseend to insert into the anterior aspeet of the ilio- 
tibial traet of deep faseia, which runs down the lateral side 
of the thigh and attaehes to the upper tibia. Like the gluteus 
maximus muscle, the tensor faseiae latae is enelosed within 
a eompartment of the faseia lata. 

The tensor faseiae latae stabilizes the knee in extension 
and, working with the gluteus maximus imisele on the 
iliotibial traet lateral to the greater troehanter, stabilizes 
the hip joint by holding the head of the femur in the aee- 
tabulum (Fig. 6.46). It is innervated by the superior gluteal 
nerve. 

Nerves 

Seven nerves enter the gluteal region from the pelvis 
through the greater seiatie foramen (Fig. 6.47): the supe- 
rior gluteal nerve, seiatie nerve, nerve to the quadratus 
femoris, nerve to the obturator internus, posterior cutane- 
ous nerve of the thigh, pudendal nerve, and inferior gluteal 
nerve. 

An additional nerve, the perforating cutaneous nerve, 
enters the gluteal region by passing direetly through the 
sacrotuberous ligament. 

Some of these nerves, such as the seiatie and pudendal 
nerves, pass through the gluteal region en route to other 


areas. Nerves such as the superior and inferior gluteal 
nerves innervate structures in the gluteal region. Many of 
the nerves in the gluteal region are in the plane between 
the superficial and deep groups of muscles. 

Superior gluteal nerve 

Of all the nerves that pass through the greater seiatie 
foramen, the superior gluteal nerve is the only one that 
passes above the piriformis muscle (Fig. 6.47). After enter- 
ing the gluteal region, the nerve loops up over the inferior 
margin of the gluteus minimus and travels anteriorly and 
laterally in the plane between the gluteus minimus and 
medius muscles. 

The superior gluteal nerve supplies branehes to the 
gluteus minimus and medius muscles and terminates by 
innervating the tensor faseiae latae imisele. 

Seiatie nerve 

The seiatie nerve enters the gluteal region through the 
greater seiatie foramen inferior to the piriformis muscle 
(Fig. 6.47). It deseends in the plane between the superficial 
and deep group of gluteal region muscles, erossing the 
posterior surfaces of first the obturator internus and asso- 
eiated gemellus muscles and then the quadratus femoris 
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Fig. 6.47 Nerves of the gluteal region. Posterior view. 
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Lower Limb 



muscle. It lies just deep to the gluteus maximus at the mid- 
point between the isehial tuberosity and the greater tro- 
ehanter. At the lower margin of the quadratus femoris 
muscle, the seiatie nerve enters the posterior thigh. 

The seiatie nerve is the largest nerve in the body and 
innervates all muscles in the posterior eompartment of 
the thigh that flex the knee and all muscles that work the 
ankle and foot. It also innervates a large area of skin in the 
lower limb. 

Nerve to quadratus femoris 

The nerve to the quadratus femoris enters the gluteal 
region through the greater seiatie foramen inferior to the 
piriformis muscle and deep to the seiatie nerve (Fig. 6.47). 
Unlike other nerves in the gluteal region, the nerve to the 
quadratus femoris lies anterior to the plane of the deep 
muscles. 

The nerve to the quadratus femoris deseends along the 
ischium deep to the tendon of the obturator internus 
muscle and assoeiated gemellus muscles to penetrate and 
innervate the quadratus femoris. It supplies a small braneh 
to the gemellus inferior. 

Nerve to obturator internus 

The nerve to the obturator internus enters the gluteal 
region through the greater seiatie foramen inferior to 
the piriformis muscle and between the posterior cutane- 
ous nerve of the thigh and the pudendal nerve (Fig. 6.47). 
It supplies a small braneh to the gemellus superior 
and then passes over the isehial spine and through 
the lesser seiatie foramen to innervate the obturator inter- 
nus muscle from the medial surface of the muscle in the 
perineum. 

Posterior cutaneous nerve of the thigh 

The posterior cutaneous nerve of the thigh enters the 
gluteal region through the greater seiatie foramen inferior 
to the piriformis muscle and immediately medial to the 
seiatie nerve (Fig. 6.47). It deseends through the gluteal 


region just deep to the gluteus maximus and enters the 
posterior thigh. 

The posterior cutaneous nerve of the thigh has a 
number of gluteal branehes, which loop around the lower 
margin of the gluteus maximus muscle to innervate skin 
over the gluteal fold. A small perineal braneh passes medi- 
ally to contribute to the innervation of the skin of the 
scrotum or labia majora in the perineum. The main trunk 
of the posterior cutaneous nerve of the thigh passes infe- 
riorly, giving rise to branehes that innervate the skin on the 
posterior thigh and leg. 

Pudendal nerve 

The pudendal nerve enters the gluteal region through the 
greater seiatie foramen inferior to the piriformis muscle 
and medial to the seiatie nerve (Fig. 6.47). It passes over 
the sacrospinous ligament and immediately passes through 
the lesser seiatie foramen to enter the perineum. The course 
of the pudendal nerve in the gluteal region is short and the 
nerve is often hidden by the overlying upper margin of the 
sacrotuberous ligament. 

The pudendal nerve is the major somatie nerve of the 
perinemn and has no branehes in the gluteal region. 

Inferior gluteal nerve 

The inferior gluteal nerve enters the gluteal region 
through the greater seiatie foramen inferior to the pirifor- 
mis muscle and along the posterior surface of the seiatie 
nerve (Fig. 6.47). It penetrates and supplies the gluteus 
maximus muscle. 

Perforating cutaneous nerve 

The perforating cutaneous nerve is the only nerve in the 
gluteal region that does not enter the area through the 
greater seiatie foramen. It is a small nerve that leaves the 
saeral plexus in the pelvie eavity by piereing the sacrotu- 
berous ligament. It then loops around the lower border of 
the gluteus maximus to supply the skin over the medial 
aspeet of the gluteus maximus (Fig. 6.47). 
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ln the elinie 


lntramuscular injeetions 

From time to time it is neeessary to administer drugs 
intramosealarly, that is, by direet injeetion into muscles. 
This procedure must be earried out without injuring 
neurovascular structures. A typieal sitefor an 
intramuscular injeetion is the gluteal region.The seiatie 
nerve passes through this region and needs to be 
avoided. The safest plaee to injeet is the upper outer 
quadrant of either gluteal region. 

The gluteal region ean be divided into quadrants by 
two imaginary lines positioned using palpable bony 
landmarks ( : ig. 6.48). One line deseends vertieally from 
the highest point of the iliae erest. Another line is 
horizontal and passes through the fìrst line midway 
between the highest point of the iliae erest and the 
horizontal plane through the isehial tuberosity. 

It is important to remember that the gluteal region 
extends as far forward as the anterior superior iliae spine. 
The seiatie nerve curves through the upper lateral eorner 
of the lower medial quadrant and deseends along the 
medial margin of the lower lateral quadrant. 

Oeeasionally, the seiatie nerve bifurcates into its tibial 
and eommon fibular branehes in the pelvis, in which ease 
the eommon fibular nerve passes into the gluteal region 
through 7 or even above, the piriformis muscle. 

The superior gluteal nerve and vessels normally enter 
the gluteal region above the piriformis and pass superiorly 
and forward. 

The anterior eorner of the upper lateral quadrant is 
normally used for injeetions to avoid injuring any part of 
the seiatie nerve or other nerves and vessels in the gluteal 
region. A needle plaeed in this region enters the gluteus 
medius anterosuperior to the margin of the gluteus 
maximus. 
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Fig. 6.48 Site for intramuscular injeetions in the gluteal region. 
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Arteries 

Two arteries enter the gluteal region from the pelvie eavity 
through the greater seiatie foramen, the inferior gluteal 
artery and the superior gluteal artery (Fig. 6.49). They 
supply structures in the gluteal region and posterior thigh 
and have important eollateral anastomoses with branehes 
of the femoral artery. 


Superior gluteal artery 

The superior gluteal artery originates from the posterior 
trunk of the internal iliae artery in the pelvie eavity. It 
leaves the pelvie eavity with the superior gluteal nerve 
through the greater seiatie foramen above the piriformis 
imisele (Fig. 6.49). In the ghiteal region, it divides into a 
superficial braneh and a deep braneh: 


Inferior gluteal artery 

The inferior gluteal artery originates from the anterior 
trunk of the internal iliae artery in the pelvie eavity. It 
leaves the pelvie eavity with the inferior gluteal nerve 
through the greater seiatie foramen inferior to the pirifor- 
mis muscle (Fig. 6.49). 

The inferior gluteal artery supplies adjaeent muscles 
and deseends through the gluteal region and into the pos- 
terior thigh where it supplies adjaeent structures and anas- 
tomoses with perforating branehes of the femoral artery. It 
also supplies a braneh to the seiatie nerve. 
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Fig. 6.49 Arteries of the gluteal region. 


The superficial braneh passes onto the deep surface of 
the gluteus maximus muscle. 

The deep braneh passes bet ween the gluteus medius and 
minimus muscles. 

In addition to adjaeent muscles, the superior gluteal 
artery contributes to the supply of the hip joint. Branehes 
of the artery also anastomose with the lateral and medial 
femoralcircumflex arteries from the deep femoral artery in 
the thigh, and with the inferior gluteal artery (Fig. 6.50). 
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Fig. 6.50 Anastomoses between gluteal arteries and vessels 
originating from the femoral artery in the thigh. Posterior view. 
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Veins 

Inferior and superior gluteal veins follow the inferior and 
superior gluteal arteries into the pelvis where they join the 
pelvie plexus of veins. Peripherally, the veins anastomose 
with superficial gluteal veins, which ultimately drain ante- 
riorly into the femoral vein. 

Lymphaties 

Deep lymphatie vessels of the ghiteal region aeeompany 
the blood vessels into the pelvie eavity and eonneet with 
internal iliae nodes. 

Superficial lymphaties drain into the superficial ingui- 
nal nodes on the anterior aspeet of the thigh. 

THIGH 

The thigh is the region of the lower limb that is approxi- 
mately between the hip and knee joints (Fig. 6.51): 


Anteriorly, it is separated from the abdominal wall by 
the inguinal ligament. 

Posteriorly, it is separated from the gluteal region by the 
gluteal fold superficially, and by the inferior margins 
of the gluteus maximus and quadratus femoris on 
deeper planes. 

Structures enter and leave the top of the thigh by three 

routes: 

■ Posteriorly, the thigh is continuous with the gluteal 
region and the major structure passing between the two 
regions is the seiatie nerve. 

■ Anteriorly, the thigh communicates with the abdominal 
eavity through the aperture between the inguinal liga- 
ment and pelvie bone, and major structures passing 
through this apertme are the iliopsoas and pectineus 
muscles; the femoral nerve, artery, and vein; and lym- 
phatie vessels. 
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Fig. 6.51 Thigh. A. Posterior view. B. Anterior view. C. Cross seetion through the midthigh. 
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Medially, structures (including the obturator nerve and 
assoeiated vessels) pass between the thigh and pelvie 
eavity through the obturator eanal. 

The thigh is divided into three eompartments by inter- 
muscular septa between the posterior aspeet of the femur 
and the faseia lata (the thiek layer of deep faseia that eom- 
pletely surrounds or invests the thigh; Fig. 6.5 H'); 

The anterior eompartment of the thigh eontains 
muscles that mainly extend the leg at the knee joint. 
The posterior eompartment of the thigh eontains 
muscles that mainly extend the thigh at the hip joint 
and flex the leg at the knee joint. 

■ The medial eompartment of the thigh eonsists 
of muscles that mainly adduct the thigh at the hip 
joint. 

The seiatie nerve innervates muscles in the posterior 
eompartment of the thigh, the femoral nerve innervates 
muscles in the anterior eompartment of the thigh, and the 
obturator nerve innervates most muscles in the medial 
eompartment of the thigh. 

The major artery, vein, and lymphatie ehannels enter 
the thigh anterior to the pelvie bone and pass through the 
femoral triangle inferior to the inguinal ligament. Vessels 
and nerves passing between the thigh and leg pass through 
the popliteal fossa posterior to the knee joint. 


In proximal and distal regions of the femur, the linea 
aspera widens to form an additional posterior surface. At 
the distal end of the femur, this posterior surface forms the 
floor of the popliteal fossa, and its margins form the medial 
and lateral supracondylar lines. The medial supracon- 
dylar line terminates at a prominent tubercle (the adduc- 
tor tubercle) on the superior aspeet of the medial 
eondyle of the distal end. Just lateral to the lower end of 
the medial supracondylar line is an elongate roughened 
area of bone for the proximal attaehment of the medial 
head of the gastrocnemius muscle (Fig. 6.51). 

The distal end of the femur is eharaeterized by two large 
eondyles, which articulate with the proximal head of the 
tibia. The eondyles are separated posteriorly by an inter- 
eondylar fossa and are joined anteriorly where they artie- 
ulate with the patella. 

The surfaces of the eondyles that articulate with the 
tibia are rounded posteriorly and beeome flatter inferiorly. 
On eaeh eondyle, a shallow oblique groove separates the 
surface that articulates with the tibia from the more ante- 
rior surface that articulates with the patella. The surfaces 
of the medial and lateral eondyles that articulate with 
the patella form a V-shaped treneh, which faees anteriorly. 
The lateral surface of the treneh is larger and steeper 
than the medial surface. 

The walls of the intereondylar fossa bear two faeets for 
the superior attaehment of the cruciate ligaments, which 
stabilize the knee joint (Fig. 6.52); 


Bones 

The skeletal support for the thigh is the femur. Most of the 
large muscles in the thigh insert into the proximal ends of 
the two bones of the leg (tibia and fìbula) and flex and 
extend the leg at the knee joint. The distal end of the femur 
provides origin for the gastrocnemius muscles, which are 
predominantly in the posterior eompartment of the leg and 
plantarflex the foot. 

Shaft and distal end of femur 

The shaft of the femur is bowed forward and has an oblique 
course from the neek of the femur to the distal end (Fig. 
6.52). As a consequence of this oblique orientation, 
the knee is elose to the midline under the body’s eenter 
of gravity. 

The middle part of the shaft of the femur is triangular 
in eross seetion (Fig. 6.52D). In the middle part of the shaft, 
the femur has smooth medial (posteromedial), lateral (pos- 
terolateral), and anterior surfaces and medial, lateral, and 
posterior borders. The medial and lateral borders are 
rounded, whereas the posterior border forms a broad 
584 roughened erest—the linea aspera. 


The wall formed by the lateral surface of the medial 
eondyle has a large oval faeet, which eovers most of the 
inferior half of the wall, for attaehment of the proximal 
end of the posterior cruciate ligament. 

■ The wall formed by the medial surface of the lateral 
eondyle has a posterosuperior smaller oval faeet for 
attaehment of the proximal end of the anterior cruci- 
ate ligament. 

Epieondyles, for the attaehment of eollateral ligaments 
of the knee joint, are bony elevations on the nonarticular 
outer surfaces of the eondyles (Fig. 6.52). Two faeets sepa- 
rated by a groove are just posterior to the lateral 
epieondyle: 

The upper faeet is for attaehment of the lateral head of 
the gastroenemhis muscle. 

■ The inferior faeet is for attaehment of the popliteus 
muscle. 

The tendon of the popliteus muscle lies in the groove 
separating the two faeets. 



Regional anatomy * Thigh 


6 


f 




Lateral 


border 


Adductor 

tubercle 


Faeet for attaehment 
of lateral head of 
gastrocnemius 


Medial 

epieondyle 


Lateral epieondyle 


Faeet for attaehment 
of the tendon of 
popliteus muscle 



Anterior 



Media! 

border 


(posterolateral) 

surface 


(posteromedìal) 

surface 


Linea aspera 


Lateral supracondylar line 


Medial supracondylar line 

Faeet for attaehment 
of lateral head of 
gastrocnemius muscle 


Lateral 

epieondyle 


Patellar surface 


Posterior surface 


A 


B 


Lateral eondyle 

Faeet for attaehment 
of the tendon of 
popliteus muscle 


Faeetfor attaehment of 
anterior cruciate ligament 

intereondylar fossa 

e 



Linea aspera 


Roughened area 
for attaehment 
of medial head 
of gastrocnemius 
muscle 


Adductor 

tubercle 


Medial eondyle 


Faeet for attaehment of 
posterior cruciate ligament 


Fig. 6.52 Shaft and distal end of femur. A. Lateral view. B. Anterior view. C. Posterior view. D. Cross seetion through shaft of femur. 
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The medial epieondyle is a rounded eminenee on the 
medial surface of the medial eondyle. Just posterosuperior 
to the medial epieondyle is the adductor tubercle. 

Patella 

The patella (knee eap) is the largest sesamoid bone (a 
bone formed within the tendon of a imisele) in the body 
and is formed within the tendon of the quadriceps femoris 
muscle as it erosses anterior to the knee joint to insert on 
the tibia. 


The patella is triangular: 

Its apex is pointed inferiorly for attaehment to the 
patellar ligament, which eonneets the patella to the tibia 

(Fig. 6.53). 

Its base is broad and thiek for the attaehment of the 
quadriceps femoris imisele from above. 

Its posterior surface articulates with the femur and has 
medial and lateral faeets, which slope away from a 
raised smooth ridge—the lateral faeet is larger than the 
medial faeet for articulation with the larger eorrespond- 
ing surface on the lateral eondyle of the femur. 
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Fig. 6.53 Patella. A. Anterior view. B. Posterior view. C. Superior view. 
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Proximal end of tibia 

The tibia is the medial and larger of the two bones in the 
leg, and is the only one that articulates with the femur at 
the knee joint. 

The proximal end of the tibia is expanded in the trans- 
verse plane for weight-bearing and eonsists of a medial 
eondyle and a lateral eondyle, which are both flattened 
in the horizontal plane and overhang the shaft (Fig. 6.54). 

The superior surfaces of the medial and lateral eondyles 
are articular and separated by an intereondylar region, 
which eontains sites of attaehment for strong ligaments 
(emeiate ligaments) and interarticular eartilages (menisei) 
of the knee joint. 


The articular surfaces of the medial and lateral eondyles 
and the intereondylar region together form a “tibial 
plateau,” which articulates with and is anehored to the 
distal end of the femur. Inferior to the eondyles on the 
proximal part of the shaft is a large tibial tuberosity and 
roughenings for muscle and ligament attaehments. 

Tibial eondyles and intereondylar areas 

The tibial eondyles are thiek horizontal dises of bone 
attaehed to the top of the tibial shaft (Fig. 6.54). 

The medial eondyle is larger than the lateral eondyle 
and is better supported over the shaft of the tibia. Its supe- 
rior surface is oval for articulation with the medial eondyle 
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Fig.6.54 Proximal end of the tibia. A. Superior view, tibial plateau. B. Anterior view. C. Posterior view. D. Cross seetion through the shaft 
of tibia. 
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of the femur. The articular surface extends laterally onto 
the side of the raised medial intereondylar tubercle. 

The superior surface of the lateral eondyle is circular 
and articulates above with the lateral eondyle of the femur. 
The medial edge of this smfaee extends onto the side of the 
lateral intereondylar tubercle. 

The superior articular surfaces of both the lateral and 
medial eondyles are eoneave, particularly eentrally. The 
outer margins of the surfaces are flatter and are the regions 
in eontaet with the interarticular dises (menisei) of fibro- 
eartilage in the knee joint. 

The nonarticular posterior surface of the medial 
eondyle bears a distinet horizontal groove for part of the 
attaehment of the semimembranosus muscle, and the 
undersurface of the lateral eondyle bears a distinet 
circular faeet for articulation with the proximal head of 
the fibula. 

The intereondylar region of the tibial plateau lies 
between the articular surfaces of the medial and lateral 
eondyles (Fig. 6.54). It is narrow eentrally where it is raised 
to form the intereondylar eminenee, the sides of which 
are elevated further to form medial and lateral intereondy- 
lar tubercles. 

The intereondylar region bears six distinet faeets for the 
attaehment of menisei and emeiate ligaments. The ante- 
rior intereondylar area widens anteriorly and bears three 
faeets: 

The most anterior faeet is for attaehment of the anterior 
end (horn) of the medial meniscus. 

Immediately posterior to the most anterior faeet is a 
faeet for the attaehment of the anterior cruciate 
ligament. 

■ A small faeet for the attaehment of the anterior end 
(horn) of the lateral meniscus is just lateral to the site 
of attaehment of the anterior emeiate ligament. 

The posterior intereondylar area also bears three attaeh- 
ment faeets: 

The most anterior is for attaehment of the posterior 
horn of the lateral meniscus. 

Posteromedial to the most anterior faeet is the site 
of attaehment for the posterior horn of the medial 
meniscus. 

Behind the site of attaehment for the posterior horn of 
the medial meniscus is a large faeet for the attaehment 
of the posterior cruciate ligament. 

In addition to these six sites of attaehment for menisei 
and emeiate ligaments, a large anterolateral region of the 
588 anterior intereondylar area is roughened and perforated by 


numerous small nutrient foramina for blood vessels. This 
region is continuous with a similar surface on the front of 
the tibia above the tuberosity and lies against infrapatellar 
eonneetive tissue. 

Tibial tuberosity 

The tibial tuberosity is a palpable inverted triangular 
area on the anterior aspeet of the tibia below the site of 
junction between the two eondyles (Fig. 6.54). It is the site 
of attaehment for the patellar ligament, which is a eon- 
tinuation of the quadriceps femoris tendon below the 
patella. 

Shaft of tibia 

The shaí’t of the tibia is triangular in eross seetion and has 
three surfaces (posterior, medial, and lateral) and three 
borders (anterior, interosseous, and medial) (Fig. 6.54D): 

The anterior border is sharp and deseends from the 
tibial tuberosity where it is continuous superiorly with 
a ridge that passes along the lateral margin of the tuber- 
osity and onto the lateral eondyle. 

The interosseous border is a subtle vertieal ridge that 
deseends along the lateral aspeet of the tibia from the 
region of bone anterior and inferior to the articular 
faeet for the head of the fibula. 

The medial border is indistinet superiorly where it 
begins at the anterior end of the groove on the posterior 
surface of the medial tibial eondyle, but is sharp in 
midshaft. 

The large medial surface of the shaft of the tibia, 
between the anterior and medial borders, is smooth and 
subcutaneous, and is palpable along almost its entire 
extent. Medial and somewhat inferior to the tibial tuberos- 
ity, this medial surface bears a subtle, slightly roughened 
elongate elevation. This elevation is the site of the eom- 
bined attaehment of three muscles (sartorius, graeilis, and 
semitendinosus), which deseend from the thigh. 

The posterior surface of the shaft of the tibia, 
between the interosseous and medial borders, is widest 
superiorly where it is erossed by a roughened oblique line 
(the soleal line). 

The lateral surface, between the anterior and interos- 
seous borders, is smooth and unremarkable. 

Proximal end of fibula 

The fibula is the lateral bone of the leg and does not take 
part in formation of the knee joint or in weight-bearing. It 
is much smaller than the tibia and has a small proximal 
head, a narrow neek, and a delieate shaft, which ends as 
the lateral malleolus at the ankle. 
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The head of the fibula is a globe-shaped expansion at 
the proximal end of the fibula (Fig. 6.55). A circular faeet 
on the superomedial surface is for articulation above with 
a similar faeet on the inferior aspeet of the lateral eondyle 
of the tibia. Just posterolateral to this faeet, the bone pro- 
jeets superiorly as a blunt apex (styloid proeess). 

The lateral surface of the head of the fibula bears a large 
impression f or the attaehment of the bieeps f emoris muscle. 
A depression near the upper margin of this impression is 
for attaehment of the fibular eollateral ligament of the 
knee joint. 

The neek of the fibula separates the expanded head 
from the shaft. The eommon fibular nerve lies against the 
posterolateral aspeet of the neek. 

Like the tibia, the shaft of the fibula has three borders 
(anterior, posterior, and interosseous) and three surfaces 
(lateral, posterior, and medial), which lie between the 
borders (Fig. 6.55): 

■ The anterior border is sharp midshaft and begins 
superiorly from the anterior aspeet of the head. 


Attaehment site for fibular 
eollateral ligament of knee 


Attaehment site for tendon 
of bieeps femoris muscle 


Common fibular nerve 


Lateral surface 


Anterior border 



Posterior border 



lnterosseous 

border 


Medial erest on 
posterior surface 


Posterior surface 


Lateral surface 


Medial surface 


Faeet for articulation 
with inferior surface 
of lateral eondyle 
of tibia 


Head 


Shaft 


A 


Medial part 
of posterior 
surface 


Fig. 6.55 Proximal end of the fibula. A. Anterior view. 
B. Cross seetion through the shaft of fibula. 


The posterior border is rounded and deseends from 
the region of the styloid proeess of the head. 

The interosseous border is medial in position. 

The three surfaces of the fibula are assoeiated with the 
three muscular eompartments (lateral, posterior, and ante- 
rior) of the leg. 


Musdes 

Muscles of the thigh are arranged in three eompartments 
separated by intermuscular septa (Fig. 6.56). 

The anterior eompartment of the thigh eontains 
the sartorhis and thefourlarge quadriceps femoris muscles 
(rectus femoris, vastus lateralis, vastus medialis, and vastus 
intermedhis). All are innervated by the femoral nerve. 
In addition, the terminal ends of the psoas major and 
iliacus muscles pass into the upper part of the anterior 
eompartment from sites of origin on the posterior abdomi- 
nal wall. These muscles are innervated by branehes direetly 
from the anterior rami of L1 to L3 (psoas major) or 
from the femoral nerve (iliacus) as it passes down the 
abdominal wall. 

The medial eompartment of the thigh eontains six 
muscles (graeilis, pectineus, adductor longus, adductor 
brevis, adductor magnus, and obturator externus). All 
except the pectineus, which is innervated by the femoral 
nerve, and part of the adductor magnus, which is inner- 
vated by the seiatie nerve, are innervated by the obturator 
nerve. 

The posterior eompartment of the thigh eontains 
three large muscles termed the “hamstrings.” All are 
innervated by the seiatie nerve. 
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Fig. 6.56 Transverse seetion through the midthigh. 
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ln the elinie 

Compartment syndrome 

Compartment syndrome occurs when there is swelling 
within a faseial enelosed muscle eompartment in 
the limbs. Typieal causes include limb trauma, 
intraeompartment hemorrhage, and limb eompression. 
As pressure within the eompartment elevates, eapillary 
blood flow and tissue perfusion is eompromised, which 
ean ultimately lead to neuromuscular damage if not 
treated. 


Anterior eompartment 

Musclesin the anterior eompartment ( Table 6.3) aet on the 
hip and knee joints: 

the psoas major and iliacus aet on the hip joint, 
the sartorius and rectus femoris aet on both the hip and 
knee joints, and 

the vastus muscles aet on the knee joint. 


Table 6.3 Muscles of the anterior eompartment of thigh (spinal segments in bold are the major segments innervating the muscle) 


Miisde 

Origin 

Insertion 

Innervation 

Function 

Psoas major 

Posterior abdominal wall (lumbar 
transverse proeesses, intervertebral 
dises, and adjaeent bodies from 

TXII to LV and tendinous arehes 
between these points) 

Lesser troehanter of femur 

Anterior rami 
(L1, L2, L3) 

Flexes the thigh at the hip 
joint 

lliacus 

Posterior abdominal wall (iliae 
fossa) 

Lesser troehanter of femur 

Femoral nerve 
(L2, L3) 

Flexes the thigh at the hip 
joint 

Vastus medialis 

Femur—medial part of 
intertroehanterie line, peetineal 
line, medial lip of the linea aspera, 
medial supracondylar line 

Quadriceps femoris tendon 
and medial border of patella 

Femoral nerve 
(L2, L3, L4) 

Extends the leg at the knee 
joint 

Vastus intermedius 

Femur—upper two-thirds of 
anterior and lateral surfaces 

Quadriceps femoris tendon, 
lateral margin of patella, and 
lateral eondyle of tibia 

Femoral nerve 
(L2, L3, L4) 

Extends the leg at the knee 
joint 

Vastus lateralis 

Femur—lateral part of 
intertroehanterie line, margin of 
greater troehanter, lateral margin 
of gluteal tuberosity, lateral lip of 
the linea aspera 

Quadriceps femoris tendon 
and lateral margin of patella 

Femoral nerve 
(L2, L3, L4) 

Extends the leg at the knee 
joint 

Rectus femoris 

Straight head originates from the 
anterior inferior iliae spine; 
refleeted head originates from the 
ilium just superior to the 
acetabulum 

Quadriceps femoris tendon 

Femoral nerve 
(L2, L3, L4) 

Flexes the thigh at the hip 
joint and extends the leg at 
the knee joint 

Sartorius 

Anterior superior iliae spine 

Medial surface of tibia just 
inferomedial to tibial 

Femoral nerve 

(L2, L3) 

Flexes the thigh at the hip 
joint and flexes the leg at 


tuberosity the knee joint 
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Iliopsoas—psoas major and iliaeiis 

The psoas major and iliaeiis muscles originate on the 
posterior abdominal wall and deseend into the upper part 
of the anterior eompartment of the thigh through the 
lateral half of the gap between the inguinal ligament and 
the pelvie bone (Fig. 6.57). 

Although the iliacus and psoas major originate as sepa- 
rate muscles in the abdomen, both insert by a eommon 


tendon onto the lesser troehanter of the femur and together 
are usually referred to as the iliopsoas muscle. 

The iliopsoas is a powerful flexor of the thigh at the hip 
joint and ean also contribute to lateral rotation of the 
thigh. The psoas major is innervated by branehes from the 
anterior rami of L1 to L3 and the iliacus is innervated by 
branehes from the femoral nerve in the abdomen. 



Fig. 6.57 Psoas major and iliacus muscles. 
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Quadriceps femoris—vastus medialis, 
intermedius, and lateralis and rectus femoris 

The large quadriceps femoris muscle eonsists of three 
vastus muscles (vastus medialis, vastus intermedius, and 
vastus lateralis) and the rectus femoris muscle (Fig. 6.58). 

The quadriceps femoris muscle mainly extends the leg 
at the knee joint, but the rectus femoris eomponent also 
assists flexion of the thigh at the hip joint. Because the 


vastus muscles insert into the margins of the patella as well 
as into the quadriceps femoris tendon, they stabilize the 
position of the patella during knee joint movement. 

The quadriceps femoris is innervated by the femoral 
nerve with contributions mainly from spinal segments L3 
and L4. A tap with a tendon hammer on the patellar liga- 
ment therefore tests reflex aetivity mainly at spinal eord 
levels L3 and L4. 
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Fig. 6.58 Muscles ofthe anterior eompartment of thigh. 


































































Regional anatomy • Thigh 


6 


Vastus muscles 

The vastus muscles originate from the femur, whereas the 
rectus femoris muscle originates from the pelvie bone. All 
attaeh first to the patella by the quadriceps femoris tendon 
and then to the tibia by the patellar ligament. 

The vastus medialis originates from a continuous line 
of attaehment on the femur, which begins anteromedially 
on the intertroehanterie line and continues posteroinferi- 
orly along the peetineal line and then deseends along the 
medial lip of the linea aspera and onto the medial supra- 
eondylar line. The fibers eonverge onto the medial aspeet 
of the quadriceps femoris tendon and the medial border of 
the patella (Fig. 6.58). 

The vastiis intermedius originates mainly from the 
upper two-thirds of the anterior and lateral surfaces of the 
femur and the adjaeent intermuscular septum (Fig. 6.58). 
It merges into the deep aspeet of the quadriceps femoris 
tendon and also attaehes to the lateral margin of the 
patella and lateral eondyle of the tibia. 

A tiny muscle (articularis genus) originates from the 
femur just inferior to the origin of the vastus intermedius 
and inserts into the suprapatellar bursa assoeiated with the 
knee joint (Fig. 6.58). This articular muscle, which is often 
part of the vastus intermedius muscle, pulls the bursa 
away from the knee joint during extension. 

The vastus lateralis is the largest of the vastus muscles 
(Fig. 6.58). It originates from a continuous line of attaeh- 
ment, which begins anterolaterally from the superior part 
of the intertroehanterie line of the femur and then eireles 
laterally around the bone to attaeh to the lateral margin of 
the gluteal tuberosity and continues down the upper part 
of the lateral lip of the linea aspera. Muscle fibers eonverge 
mainly onto the quadriceps femoris tendon and the lateral 
margin of the patella. 

Rectus femoris 

Unlike the vastus muscles, which eross only the knee joint, 
the rectus femoris muscle erosses both the hip and the 
knee joints (Fig. 6.58). 

The rectus femoris has two tendinous heads of origin 
from the pelvie bone: 

■ one from the anterior inferior iliae spine (straight 

head), and 


the other from a roughened area of the ilium immedi- 
ately superior to the acetabulum (refleeted head) 

(Fig. 6.58). 

The two heads of the rectus femoris unite to form an 
elongate muscle belly, which lies anterior to the vastus 
intermedius muscle and between the vastus lateralis and 
vastus medialis muscles, to which it is attaehed on either 
side. At the distal end, the rectus femoris muscle eonverges 
on the quadriceps femoris tendon and inserts on the base 
of the patella. 

Patellar ligament 

The patellar ligament is functionally the continuation of 
the quadriceps femoris tendon below the patella and is 
attaehed above to the apex and margins of the patella and 
below to the tibial tuberosity (Fig. 6.58). The more super- 
fieial fibers of the quadriceps femoris tendon and the patel- 
lar ligament are continuous over the anterior surface of 
the patella, and lateral and medial fibers are continuous 
with the ligament beside the margins of the patella. 


The sartorius muscle is the most superficial muscle in the 
anterior eompartment of the thigh and is a long strap-like 
muscle that deseends obliquely through the thigh from the 
anterior superior iliae spine to the medial surface of the 
proximal shaft of the tibia (Fig. 6.58). Its flat aponeurotic 
insertion into the tibia is immediately anterior to the inser- 
tion of the graeilis and semitendinosus imiseles. 

The sartorius, graeilis, and semitendinosus muscles 
attaeh to the tibia in a three-pronged pattern on the tibia, 
so their eombined tendons of insertion are often termed 
the pes anserinus (Latin for “goose foot”). 

In the upper one-third of the thigh, the medial margin 
of the sartorius forms the lateral margin of the femoral 
triangle. 

In the middle one-third of the thigh, the sartorms forms 
the anterior wall of the adductor eanal. 

The sartorius muscle assists in flexing the thigh at the 
hip joint and the leg at the knee joint. It also abducts the 
thigh and rotates it laterally, as when resting the foot on 
the opposite knee when sitting. 

The sartorius is innervated by the femoral nerve. 


Sartorius 
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Medial eompartment 

There are six muscles in the medial eompartment of the 
thigh ( Table 6.4): graeilis, pectineus, adductor longus, 
adductorbrevis, adductor magnus, and obturatorexternus 
(Fig. 6.59). Collectively, all these muscles except the obtu- 
rator externus mainly adduct the thigh at the hip joint; the 
adductormusclesmay also mediallyrotatethe thigh. Obtu- 
rator externus is a lateral rotator of the thigh at the hip 
joint. 


Graeilis 

The graeilis is the most superficial of the muscles in the 
medial eompartment of thigh and deseends almost verti- 
eally down the medial side of the thigh (Fig. 6.59). It is 
attaehed above to the outer surface of the ischiopubic 
ramus of the pelvie bone and below to the medial surface 
of the proximal shaft of the tibia, where it lies sandwiched 
between the tendon of sartorius in front and the tendon of 
the semitendinosus behind. 


Table 6.4 Muscles of the medial eompartment of thigh (spinal segments in bold are the major segments innervating the muscle) 


Musde 

Origin 

Insertion 

Innervation 

Function 

Graeilis 

A line on the external surfaces 
of the body of the pubis, the 
inferior pubic ramus, and the 
ramus of the ischium 

Medial surface of proximal 
shaft of tibia 

Obturator nerve (L2, L3) 

Adducts thigh at hip 
joint and flexes leg at 
knee joint 

Pectineus 

Peetineal line (peeten pubis) 
and adjaeent bone of pelvis 

Oblique line extending from 
base of lesser troehanter to 
linea aspera on posterior 
surface of proximal femur 

Femoral nerve (L2, L3) 

Adducts and flexes 
thigh at hip joint 

Adductor longus 

External surface of bodyof 
pubis (triangular depression 
inferior to pubic erest and lateral 
to pubic symphysis) 

Linea aspera on middle 
one-third of shaft of femur 

Obturator nerve (anterior 
division) (L2, L3, L4) 

Adducts and medially 
rotates thigh at hip joint 

Adductor brevis 

External surface of body of 
pubis and inferior pubic ramus 

Posterior surface of proximal 
femur and upper one-third of 
linea aspera 

Obturator nerve (L2, L3) 

Adducts and medially 
rotates thigh at hip joint 

Adductor magnus 

Adductor part—ischiopubic 

ramus 

Posterior surface of proximal 
femur, linea aspera, medial 
supracondylar line 

Obturator nerve (L2, L3, 

L4) 

Adducts and medially 
rotates thigh at hip joint 


Hamstring part—isehial 
tuberosity 

Adductor tubercle and 
supracondylar line 

Seiatie nerve (tibial 
division) (L2, L3, L4) 


Obturator externus 

External surface of obturator 
membrane and adjaeent bone 

Troehanterie fossa 

Obturator nerve (posterior 
division) (L3, L4) 

Laterally rotates thigh 
at hip joint 
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Posterior eompartment of thigh 
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Fig. 6.59 Muscles of the medial eompartment of thigh. Anterior view. 
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Pectineus 

The pectineus is a flat quadrangular muscle (Fig. 6.60). 
It is attaehed above to the peetineal line of the pelvie bone 
and adjaeent bone, and deseends laterally to attaeh to an 
oblique line extending from the base of the lesser troehan- 
ter to the linea aspera on the posterior surface of the proxi- 
mal femur. 

From its origin on the pelvie bone, the pectineus passes 
into the thigh below the inguinal ligament and forms part 
of the floor of the medial half of the femoral triangle. 

The pectineus adducts and flexes the thigh at the hip 
joint and is innervated by the femoral nerve. 

Adductor longus 

The adductor longus is a flat fan-shaped muscle that 
originates from a small rough triangular area on the 


external surface of the body of the pubis just inferior to 
the pubic erest and lateral to the pubic symphysis (Fig. 
6.60). It expands as it deseends posterolaterally to insert 
via an aponeurosis into the middle third of the linea 
aspera. 

The adductor longus contributes to the floor of the 
femoral triangle, and its medial margin forms the medial 
border of the femoral triangle. The muscle also forms the 
proximal posterior wall of the adductor eanal. 

The adductor longus adducts and medially rotates the 
thigh at the hip joint and is innervated by the anterior divi- 
sion of the obturator nerve. 

Adductor brevis 

The adductor brevis lies posterior to the pectineus and 
adductor longus. It is a triangular muscle attaehed at its 
apex to the body of the pubis and inferior pubic ramus just 
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Fig. 6.60 Pectineus, adductor longus, and adductor brevis muscles. Anterior view. 
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siiperior to the origin of the graeilis muscle (Fig. 6.60). The 
muscle is attaehed by its expanded base via an aponeurosis 
to a vertieal line extending from lateral to the insertion of 
the pectineus into the upper aspeet of the linea aspera 
lateral to the attaehment of the adductor longus. 

The adductor brevis adducts and medially rotates the 
thigh at the hip joint and is innervated by the obturator 
nerve. 

Addiietor magnus 

The adductor magnus is the largest and deepest of the 
muscles in the medial eompartment of the thigh (Fig. 
6.61). The muscle forms the distal posterior wall of the 
adductor eanal. Like the adductor longus and brevis 
muscles, the adductor magnus is a triangular or fan- 
shaped muscle anehored by its apex to the pelvis and 
attaehed by its expanded base to the femur. 

On the pelvis, the adductor magnus is attaehed along a 
line that extends from the inferior pubic ramus, above 
the attaehments of the adductor longus and brevis 
muscles, and along the ramus of the ischium to the isehial 
tuberosity. The part of the muscle that originates from the 
ischiopubic ramus expands laterally and inferiorly to insert 
on the femur along a vertieal line of attaehment that 
extends from just inferior to the quadrate tubercle and 
medial to the gluteal tuberosity, along the linea aspera and 
onto the medial supracondylar line. This lateral part of the 
rmisele is often termed the “adductor part” of the adductor 
magnus. 

The medial part of the adductor magnus, often ealled 
the “hamstringpart,” originatesfromthe isehial tuberosity 
of the pelvie bone and deseends almost vertieally along the 
thigh to insert via a rounded tendon into the adductor 
tubercle on the medial eondyle of the distal head of the 
femur. It also inserts via an aponeurosis up onto the medial 
supracondylar line. A large circular gap inferiorly between 
the hamstring and adductor parts of the imisele is the 
adductor hiatus (Fig. 6.61), which allows the femoral 
artery and assoeiated veins to pass between the adductor 
eanal on the anteromedial aspeet of the thigh and the pop- 
liteal fossa posterior to the knee. 

The adductor magnus adducts and medially rotates the 
thigh at the hip joint. The adductor part of the nmsele is 
innervated by the obturator nerve and the hamstring part 
is innervated by the tibial division of the seiatie nerve. 

Obturator externus 

The obturator externus is a flat fan-shaped muscle. Its 
expansive body is attaehed to the external aspeet of the 
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Fig. 6.61 Adductor magnus and obturator externus muscles. 
Anterior view. 


obturator membrane and adjaeent bone (Fig. 6.61). The 
nmsele fìbers eonverge posterolaterally to form a tendon, 
which passes posterior to the hip joint and neek of the 
femur to insert on an oval depression on the lateral wall of 
the troehanterie fossa. 

The obturator externus externally rotates the thigh at 
the hip joint and is innervated by the posterior braneh of 
the obturator nerve. 
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Posterior eompartment 

There are three long muscles in the posterior eompartment 
of the thigh: bieeps femoris, semitendinosus, and semi- 
membranosus (Table 6.5) —and they are eolleetively 
known as the hamstrings (Fig. 6.62). All except the short 
head of the bieeps femoris eross both the hip and knee 
joints. As a group, the hamstrings flex the leg at the knee 
joint and extend the thigh at the hip joint. They are also 
rotators at both joints. 

Bieeps femoris 

The bieeps femoris muscle is lateral in the posterior eom- 
partment of the thigh and has two heads (Fig. 6.62): 

■ The long head originates with the semitendinosus 
muscle from the inferomedial part of the upper area of 
the isehial tuberosity. 

The short head arises from the lateral lip of the linea 
aspera on the shaft of the femur. 

The muscle belly of the long head erosses the posterior 
thigh obliquely from medial to lateral and is joined by the 
short head distally. Together, fibers from the two heads 
form a tendon, which is palpable on the lateral side of the 
distal thigh. The main part of the tendon inserts into 
the lateral surface of the head of the fibula. Extensions 
from the tendon blend with the fibular eollateral ligament 


and with ligaments assoeiated with the lateral side of the 
knee joint. 

The bieeps femoris flexes the leg at the knee joint. The 
long head also extends and laterally rotates the hip. When 
the knee is partly flexed, the bieeps femoris ean laterally 
rotate the leg at the knee joint. 

The long head is innervated by the tibial division of the 
seiatie nerve and the short head is innervated by the 
eommon fibular division of the seiatie nerve. 

Semitendinosus 

The semitendinosus muscle is medial to the bieeps femoris 
muscle in the posterior eompartment of the thigh (Fig. 
6.62). It originates with the long head of the bieeps femoris 
muscle from the inferomedial part of the upper area of the 
isehial tuberosity. The spindle-shaped muscle belly ends in 
the lower half of the thigh and forms a long eord-like 
tendon, which lies on the semimembranosus muscle and 
deseends to the knee. The tendon curves around the medial 
eondyle of the tibia and inserts into the medial surface of 
the tibia just posterior to the tendons of the graeilis and 
sartorius muscles as part of the pes anserinus. 

The semitendinosus flexes the leg at the knee joint and 
extends the thigh at the hip joint. Working with the semi- 
membranosus, it also medially rotates the thigh at the hip 
joint and medially rotates the leg at the knee joint. 

The semitendinosus muscle is innervated by the tibial 
division of the seiatie nerve. 


Table 6.5 Muscles of the posterior eompartment of thigh (spinal segments in bold are the major segments innervating the muscle) 


Musde 

Origin 

Insertion 

Innervation 

Function 

Bieeps femoris 

Long head—inferomedial 
part of the upper area of 
the isehial tuberosity; 
short head—lateral lip of 
linea aspera 

Head of fibula 

Seiatie nerve 
(L5, S1,S2) 

Flexes leg at knee joint; extends and 
laterally rotates thigh at hip joint and 
laterally rotates leg at knee joint 

Semitendinosus 

Inferomedial part of the 
upper area of the isehial 
tuberosity 

Medial surface of proximal 
tibia 

Seiatie nerve 
(L5,S1,S2) 

Flexes leg at knee joint and extends 
thigh at hip joint; medially rotates 
thigh at hip joint and leg at knee joint 

Semimembranosus 

Superolateral impression 
on the isehial tuberosity 

Groove and adjaeent bone on 
medial and posterior surface 
of medial tibial eondyle 

Seiatie nerve 
(L5, S1, S2) 

Flexes leg at knee joint and extends 
thigh at hip joint; medially rotates 
thigh at hip joint and leg at knee joint 
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Semimembranosiis 

The semimembranosus muscle lies deep to the semiten- 
dinosus muscle in the posterior eompartment of the thigh 
(Fig. 6.62). It is attaehedabove to the superolateral impres- 
sion on the isehial tuberosity and below mainly to the 
groove and adjaeent bone on the medial and posterior sur- 
faees of the medial tibial eondyle. Expansions from the 
tendon also insert into and contribute to the formation of 
ligaments and faseia around the knee joint. 

The semimembranosus flexes the leg at the knee joint 
and extends the thigh at the hip joint. Working with the 
semitendinosus muscle, it medially rotates the thigh at the 
hip joint and the leg at the knee joint. 

The semimembranosus muscle is innervated by the 
tibial division of the seiatie nerve. 


In the elinie 

Muscle injuries to the lower limb 

Muscle injuries may occur as a result of direet trauma or 
as part of an overnse syndrome. 

Muscle injuries may occur as a minor muscle tear, 
which may be demonstrated as a foeal area of fluid 
within the muscle. With inereasingly severe injuries, 
further muscle fibers are torn and this may eventually 
result in a eomplete muscle tear. The usual muscles in 
thethigh that tear include the hamstring muscles. Tears 
in the muscles below the knee typieally occur within the 
soleus masele, though other muscles may be affeeted. 


Fig. 6.62 Muscles of the posterior eompartment of thigh. 
Posterior view. 
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Arteries 

Three arteries enter the thigh: the femoral artery, the obtu- 
rator artery, and the inferior gluteal artery. Of these, the 
femoral artery is the largest and supplies most of the lower 
limb. The three arteries contribute to an anastomotie 
network of vessels around the hip joint. 

Femoral artery 

The femoral artery is the continuation of the external iliae 
artery and begins as the external iliae artery passes under 
the inguinal ligament to enter the femoral triangle on the 
anterior aspeet of the upper thigh (Fig. 6.63). The femoral 
artery is palpable in the femoral triangle just inferior to the 
inguinal ligament midway between the anterior superior 
iliae spine and the pubic symphysis. 

The femoral artery passes vertieally through the femoral 
triangle and then continues down the thigh in the adduc- 
tor eanal. It leaves the eanal by passing through the adduc- 
tor hiatus in the adductor magnus muscle and beeomes the 
popliteal artery behind the knee. 

A cluster of four small branehes—siiperfìeial epigas- 
trie artery, superfícial circumflex iliae artery, super- 
fíeial external pudendal artery, and deep external 
pudendal artery—originate from the femoral artery in 
the femoral triangle and supply cutaneous regions of the 
upper thigh, lower abdomen, and perineum. 

Deep artery of thigh 

The largest braneh of the femoral artery in the thigh is the 
deep artery of the thigh (profunda femoris artery), 
which originates from the lateral side of the femoral artery 
in the femoral triangle and is the major source of blood 
supply to the thigh (Fig. 6.63). The deep artery of the thigh 
immediately passes: 

posteriorly between the pectineus and adductor longus 
muscles and then between the adductor longus and 
adductor brevis muscles, and 

then travels inferiorly between the adductor longus and 
adductor magnus, eventually penetrating through the 
adductor magnus to eonneet with branehes of the pop- 
liteal artery behind the knee. 
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Fig. 6.63 Femoral artery. 


The deep artery of the thigh has lateral and medial eir- 
cumflex femoral branehes and three perforating branehes. 
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Lateral circumflex femoral artery 

The lateral circumflex femoral artery normally origi- 
nates proximally from the lateral side of the deep artery 
of the thigh, but may arise direetly from the femoral artery 
(Fig. 6.64). It passes deep to the sartorius and rectus 
femoris and divides into three terminal branehes: 

One vessel (aseending braneh) aseends laterally deep 
to the tensor faseiae latae muscle and eonneets with a 
braneh of the medial circumflex femoral artery to form 
a ehannel, which eireles the neek of the femur and sup- 
plies the neek and head of the femur. 


One vessel (deseending braneh) deseends deep to the 
rectus femoris, penetrates the vastus lateralis muscle, 
and eonneets with a braneh of the popliteal artery near 
the knee. 

One vessel (transverse braneh) passes laterally to 
pieree the vastus lateralis and then eireles around 
the proximal shaft of the femur to anastomose with 
branehes from the medial femoral circumflex artery, the 
inferior gluteal artery, and the fìrst perforating artery to 
form the cruciate anastomosis around the hip. 
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Fig. 6.64 Deep artery of thigh. A. Anterior view. B. Posterior view. 
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Medial circumflex femoral artery 

The medial circumflex femoral artery normally origi- 
nates proximally from the posteromedial aspeet of the deep 
artery of the thigh, but may originate from the femoral 
artery (Fig. 6.64). It passes medially around the shaft of 
the femur, fìrst between the pectineus and iliopsoas and 
then between the obturator externus and adductor brevis 
muscles. Near the margin of the adductor brevis the vessel 
gives off a small braneh, which enters the hip joint through 
the acetabular noteh and anastomoses with the acetabular 
braneh of the obturator artery. 

The main trunk of the medial circumflex femoral artery 
passes over the superior margin of the adductor magnus 
and divides into two major branehes deep to the quadratus 
femoris muscle: 

One braneh aseends to the troehanterie fossa and eon- 
neets with branehes of the gluteal and lateral circum- 
flex femoral arteries. 

■ The other braneh passes laterally to partieipate with 
branehes from the lateral circumflex femoral artery, the 
inferior gluteal artery, and the fìrst perforating artery in 
forming an anastomotie network of vessels around 
the hip. 


Perforating arteries 

The three perforating arteries braneh from the deep 
artery of the thigh (Fig. 6.64) as it deseends anterior to the 
adductor brevis muscle—the fìrst originates above the 
muscle, the seeond originates anterior to the muscle, and 
the third originates below the muscle. All three penetrate 
through the adductor magnus near its attaehment to the 
linea aspera to enter and supply the posterior eompart- 
ment of the thigh. Here, the vessels have aseending and 
deseending branehes, which intereonneet to form a longi- 
tudinal ehannel, which partieipates above in forming an 
anastomotie network of vessels around the hip and inferi- 
orly anastomoses with branehes of the popliteal artery 
behind the knee. 


Obturator artery 

The obturator artery originates as a braneh of the inter- 
nal iliae artery in the pelvie eavity and enters the medial 
eompartment of the thigh through the obturator eanal 
(Fig. 6.65). As it passes through the eanal, it bifurcates into 
an anterior braneh and a posterior braneh, which 
together form a ehannel that eireles the margin of the 
obturator membrane and lies within the attaehment of the 
obturator externus muscle. 

Vessels arising from the anterior and posterior branehes 
supply adjaeent muscles and anastomose with the inferior 
gluteal and medial circumflex femoral arteries. In addition, 
an acetabular vessel originates from the posterior braneh, 
enters the hip joint through the acetabular noteh, and eon- 
tributes to the supply of the head of the femur. 
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Fig. 6.65 Obturator artery. 
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experienced in these muscles is often eramplike and 
occurs with walking. The patient rests and is able to 
continue walking up to the same distanee until the pain 
recurs and stops walking as before. 


In the elinie 

Peripheral vascular disease 

Peripheral vascular disease is often eharaeterized by 
reduced blood flow to the legs. This disorder may be 
caused by stenoses (narrowing) and/or occlusions 
(bloekages) in the lower aorta and the iliae, femoral, tibial, 
and fibular vessels. Patients typieally have ehronie leg 
isehemia and "acute on ehronie" leg isehemia. 

Chronic leg isehemia 

Chronic leg isehemia is a disorder in which vessels have 
undergone atheromatous ehange, and often there is 
signifieant luminal narrowing (usually over 50%). Most 
patients with peripheral arterial disease have widespread 
arterial disease (including cardiovascular and 
cerebrovascular disease), which may be elinieally 
asymptomatie. Some of these patients develop such 
severe isehemia that the viability of the limb is threatened 
(eritieal limb isehemia). 

The eommonest symptom of ehronie leg isehemia is 
intermittent claudication. Patients typieally have a 
history of pain that develops in the ealf muscles (usually 
assoeiated with occlusions or narrowing in the femoral 
artery) or the buttocks (usually assoeiated with occlusion 
or narrowing in the aorto-iliae segments). The pain 


Veins 

Veins in the thigh eonsist of superficial and deep veins. 
Deep veins generally follow the arteries and have similar 
names. Superficial veins are in the superficial faseia, inter- 
eonneet with deep veins, and do not generally aeeompany 
arteries. The largest of the superficial veins in the thigh is 
the great saphenous vein. 

Great saphenous vein 

The great saphenous vein originates from a venous areh 
on the dorsal aspeet of the foot and aseends along the 
medial side of the lower limb to the proximal thigh (see p. 


Acute on ehronie isehemia 

In some patients with ehronie limb isehemia, an acute 
event bloeks the vessels or reduces the blood supply to 
such a degree that the viability of the limb is threatened. 

Oeeasionally a leg may beeome acutely isehemie with 
no evidenee of underlying atheromatous disease. In these 
instanees a blood elot is likely to have embolized from the 
heart. Patients with mitral valve disease and atrial 
fibrillation are prone to embolie disease. 

Critical limb isehemia 

Gitieal limb isehemia occurs when the blood supply to 
the limb is so poor that the viability of the limb is severely 
threatened, and in this ease many patients develop 
gangrene, oleeration, and severe rest pain in the foot. 
These patients require urgent treatment, which may be in 
theform of surgical reeonstmetion, radiologieal 
angioplasty, oreven amputation. 


568). Here it passes through the saphenous ring in deep 
faseia eovering the anterior thigh to eonneet with the 
femoral vein in the femoral triangle (see p. 572). 


There are three major nerves in the thigh, eaeh assoeiated 
with one of the three eompartments. The femoral nerve is 
assoeiated with the anterior eompartment of the thigh, the 
obturator nerve is assoeiated with the medial eompart- 
ment of the thigh, and the seiatie nerve is assoeiated with 
the posterior eompartment of the thigh. 


Nerves 
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Femoral nerve 

The femoral nerve originates from the lumbar plexus 
(spinal eord segments L2-L4) on the posterior abdominal 
wall and enters the femoral triangle of the thigh by passing 
under the inguinal ligament (Fig. 6.66). In the femoral 
triangle the femoral nerve lies on the lateral side of the 
femoral artery and is outside the femoral sheath, which 
surrounds the vessels. 

Before entering the thigh, the femoral nerve supplies 
branehes to the iliacus and pectineus muscles. 
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Fig. 6.66 Femoral nerve. 


Immediately after passing under the inguinal ligament, 
the femoral nerve divides into anterior and posterior 
branehes, which supply muscles of the anterior eompart- 
ment of the thigh and skin on the anterior and medial 
aspeets of the thigh and on the medial sides of the leg 
and foot. 

Branehes of the femoral nerve (Fig. 6.66) include: 

anterior cutaneous branehes, which penetrate deep 
faseia to supply skin on the front of the thigh and knee; 
numerous motor nerves, which supply the quadriceps 
femoris muscles (rectus femoris, vastus lateralis, vastus 
intermedius, and vastus medialis muscles) and the sar- 
torius imisele; and 

■ one long cutaneous nerve, the saphenous nerve, which 
supplies skin as far distally as the medial side of the foot. 

The saphenous nerve aeeompanies the femoral artery 
through the adductor eanal, but does not pass through the 
adductor hiatus with the femoral artery. Rather, the saphe- 
nous nerve penetrates direetly through eonneetive tissues 
near the end of the eanal to appear between the sartorhis 
and graeilis muscles on the medial side of the knee. Here 
the saphenous nerve penetrates deep faseia and continues 
down the medial side of the leg to the foot, and supplies 
skin on the medial side of the knee, leg, and foot. 

Obturator nerve 

The obturator nerve is a braneh of the lumbar plexus 
(spinal eord segments L2-L4) on the posterior abdominal 
wall. It deseends in the psoas muscle, and then passes out 
of the medial margin of the psoas muscle to enter the pelvis 
(Fig. 6.67). The obturator nerve continues along the lateral 
pelvie wall and then enters the medial eompartment of the 
thigh by passing through the obturator eanal. It supplies 
most of the adductor muscles and skin on the medial aspeet 
of the thigh. As the obturator nerve enters the thigh, it 
divides into two branehes, an anterior braneh and a poste- 
rior braneh, which are separated by the adductor brevis 
muscle: 

■ The posterior braneh deseends behind the adductor 
brevis muscle and on the anterior surface of the adduc- 
tor magnus muscle, and supplies the obturator externus 
and adductor brevis muscles and the part of the adduc- 
tor magnus that attaehes to the linea aspera. 

■ The anterior braneh deseends on the anterior surface 
of the adductor brevis muscle and is behind the peetin- 
eus and adductor longus muscles—it supplies branehes 
to the adductor longus, graeilis, and adductor brevis 
muscles, and often contributes to the supply of the pee- 
tineus muscle, and cutaneous branehes innervate the 
skin on the medial side of the thigh. 
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Fig. 6.67 Obturator nerve. 


Seiatie nerve 

The seiatie nerve is a braneh of the lumbosacral plexus 
(spinal eord segments L4-S3) and deseends into the 
posterior eompartment of the thigh from the gluteal region 
(Fig. 6.68). It innervates all muscles in the posterior eom- 
partment of the thigh and then its branehes continue into 
the leg and foot. 

In the posterior eompartment of the thigh, the seiatie 
nerve lies on the adductor magnus muscle and is erossed 
by the long head of the bieeps femoris muscle. 

Proximal to the knee, and sometimes within the 
pelvis, the seiatie nerve divides into its two terminal 
branehes: the tibial nerve and the eommon fíbular 
nerve. These nerves travel vertieally down the thigh and 
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Fig.6.68 Seiatie nerve 


enter the popliteal fossa posterior to the knee. Here, they 
meet the popliteal artery and vein. 

Tibial nerve 

The tibial part of the seiatie nerve, either before or after its 
separation from the eommon fibular nerve, supplies 
branehes to all muscles in the posterior eompartment of 
the thigh (long head of bieeps femoris, semimembranosus, 
semitendinosus) except the short head of the bieeps 
femoris, which is innervated by the eommon fibular part 605 
(Fig. 6.68). 
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The tibial nerve deseends through the popliteal fossa, 
enters the posterior eompartment of the leg, and continues 
into the sole of the foot. 

The tibial nerve innervates: 

all muscles in the posterior eompartment of the leg, 
all intrinsie muscles in the sole of the foot including the 
first two dorsal interossei muscles, which also may 
reeeive innervation from the deep fibular nerve, and 
skin on the posterolateral side of the lower half of the 
leg and lateral side of the ankle, foot, and little toe, and 
skin on the sole of the foot and toes. 


Common fibular nerve 

The eommon fibular part of the seiatie nerve innervates 
the short head of the bieeps femoris in the posterior eom- 
partment of the thigh and then continues into the lateral 
and anterior eompartments of the leg and onto the foot 

(Fig. 6.68). 

The eommon fibular nerve innervates: 

all muscles in the anterior and lateral eompartments 
of the leg, 

one muscle (extensor digitomm brevis) on the dorsal 
aspeet of the foot, 

the first two dorsal interossei muscles in the sole of the 
foot, and 

skin over the lateral aspeet of the leg, and ankle, and 
over the dorsal aspeet of the foot and toes. 


Knee joint 

The knee joint is the largest synovial joint in the body. It 
eonsists of: 

the articulation between the femur and tibia, which is 
weight-bearing, and 

the articulation between the patella and the femur, 
which allows the pull of the quadriceps femoris muscle 
to be direeted anteriorly over the knee to the tibia 
without tendon wear (Fig. 6.69). 

Two fibrocartilaginous menisei, one on eaeh side, 
between the femoral eondyles and tibia aeeommodate 
ehanges in the shape of the articular surfaces during joint 
movements. 

The detailed movements of the knee joint are complex, 
but basieally the joint is a hinge joint that allows mainly 
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Fig. 6.69 Knee joint. Joint capsule is not shovvn. 


flexion and extension. Like all hinge joints, the knee joint 
is reinforeed by eollateral ligaments, one on eaeh side of 
the joint. In addition, two very strong ligaments (the cruci- 
ate ligaments) intereonneet the adjaeent ends of the femur 
and tibia and maintain their opposed positions during 
movement. 

Because the knee joint is involved in weight-bearing, it 
has an effieient “loeking” meehanismto reduce the amount 
of imisele energy required to keep the joint extended when 
standing. 

Articular surfaces 

The articular surfaces of the bones that contribute to the 
knee joint are eovered by hyaline eartilage. The major sur- 
faees involved include: 

■ the two femoral eondyles, and 

the adjaeent surfaces of the superior aspeet of the tibial 
eondyles. 
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The surfaces of the femoral eondyles that articulate 
with the tibia in flexion of the knee are curved or round, 
whereas the surfaces that articulate in full extension are 

flat (Fig. 6.70). 

The articular surfaces between the femur and patella 
are the V-shaped treneh on the anterior surface of the 
distal end of the femur where the two eondyles join and 
the adjaeent surfaces on the posterior aspeet of the patella. 
The joint surfaces are allenelosed within a single articular 
eavity, as are the intraarticular menisei between the 
femoral and tibial eondvles. 
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Fig.6.70 Articular surfaces of the knee joint. A. Extended. 
B. Flexed. C. Anterior view (flexed). 


Menisei 

There are two menìsei, which are fibrocartilaginous 
C-shaped eartilages, in the knee joint, one medial (medial 
meniscus) and the other lateral (lateral meniscus) (Fig. 
6.71). Both are attaehed at eaeh end to faeets in the inter- 
eondylar region of the tibial plateau. 

The medial meniscus is attaehed around its margin to 
the capsule of the joint and to the tibial eollateral ligament, 
whereas the lateral meniscus is unattached to the capsule. 
Therefore, the lateral meniscus is more mobile than the 
medial meniscus. 

The menisei are intereonneeted anteriorly by a trans- 
verse ligament of the knee. The lateral meniscus is also 
eonneeted to the tendon of the popliteus muscle, which 
passes superolaterally between this meniscus and the 
capsule to insert on the femur. 

The menisei improve eongmeney between the femoral 
and tibial eondyles during joint movements where the sur- 
faees of the femoral eondyles articulating with the tibial 
plateau ehange from small curved surfaces in flexion to 
largeflat surfaces in extension. 
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Fig. 6.71 Menisei of the knee joint. A. Superior view. 
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Normal medial meniscus 



Normal lateral meniscus 


Fig. 6.71, eont’d Menisei of the knee joint. B. Normal knee joint showing the medial meniscus. T2-weighted magnetie resonanee image in 
the sagittal plane. C. Normal knee joint showing the lateral meniscus. T2-weighted magnetie resonanee image in the sagittal plane. 
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Synovial membrane 

The synovial membrane of the knee joint attaehes to the 
margins of the articular surfaces and to the superior and 
inferior outer margins of the menisei (Fig. 6.72 A). The two 
cruciate ligaments, which attaeh in the intereondylar 
region of the tibia below and the intereondylar fossa of the 
femur above, are outside the articular eavity, but enelosed 
within the fibrous membrane of the knee joint. 

Posteriorly, the synovial membrane refleets off the 
fibrous membrane of the joint capsule on either side of 
the posterior cruciate ligament and loops forward around 
both ligaments thereby excluding them from the articular 
eavity. 

Anteriorly, the synovial membrane is separated from the 
patellar ligament by an infrapatellar fat pad. On eaeh 
side of the pad, the synovial membrane forms a fringed 
margin (an alar fold), which projeets into the articular 
eavity. In addition, the synovial membrane eovering 
the lower part of the infrapatellar fat pad is raised into a 
sharp midline fold direeted posteriorly (the infrapatellar 


synovial fold) , which attaehes to the margin of the inter- 
eondylar fossa of the femur. 

The synovial membrane of the knee joint forms pouches 
in two loeations to provide low-friction surfaces for the 
movement of tendons assoeiated with the joint: 

■ The smallest of these expansions is the subpopliteal 
reeess (Fig. 6.72A), which extends posterolaterally 
from the articular eavity and lies between the lateral 
meniscus and the tendon of the popliteus muscle, which 
passes through the joint capsule. 

The seeond expansion is the suprapatellar bursa (Fig. 
6.72B), a large bursa that is a continuation of the artie- 
ular eavity superiorly between the distal end of the shaft 
of the femur and the quadriceps femoris muscle and 
tendon—the apex of this bursa is attaehed to the small 
articularis genus muscle, which pulls the bursa away 
from the joint during extension of the knee. 

Other bursae assoeiated with the knee but not normally 
communicating with the articular eavity include the 
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Fig. 6.72 Synovial membrane of the knee joint and assoeiated bursae. A. Superolateral view; patella and femur not shown. B. Paramedial 
sagittal seetion through the knee. 
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subcutaneous prepatellar bursa, deep and subcutaneous 
infrapatellar bursae, and numerous other bursae assoei- 
ated with tendons and ligaments around the joint 

(Fig. 6.72B). 

The prepatellar bursa is subcutaneous and anterior 
to the patella. The deep and subcutaneous infrapatellar 
bursae are on the deep and subcutaneous sides of the 
patellar ligament, respeetively. 

Fibrous membrane 

The fibrous membrane of the knee joint is extensive and is 
partly formed and reinforeed by extensions from tendons 
of the surrounding muscles (Fig. 6.73). In general, the 
fibrous membrane eneloses the articular eavity and the 
intereondylar region: 

On the medial side of the knee joint, the fibrous 
membrane blends with the tibial eollateral ligament 
and is attaehed on its internal surface to the medial 
meniscus. 

Laterally, the external surface of the fibrous membrane 
is separated by a spaee from the fibular eollateral liga- 
ment and the internal surface of the fibrous membrane 
is not attaehed to the lateral meniscus. 


Anteriorly, the fibrous membrane is attaehed to the 
margins of the patella where it is reinforeed with tendi- 
nous expansions from the vastus lateralis and vastus 
medialis muscles, which also merge above with the 
quadriceps femoris tendon and below with the patellar 
ligament. 

The fibrous membrane is reinforeed anterolaterally by a 
fibrous extension from the iliotibial traet and posteromedi- 
ally by an extension from the tendon of the semimembra- 
nosus (the oblique popliteal ligament), which refleets 
superiorly aeross the baek of the fibrous membrane from 
medial to lateral. 

The upper end of the popliteus muscle passes through 
an aperture in the posterolateral aspeet of the fibrous 
membrane of the knee and is enelosed by the fibrous mem- 
brane as its tendon travels around the joint to insert on the 
lateral aspeet of the lateral femoral eondyle. 

Ligaments 

The major ligaments assoeiated with the knee joint are the 
patellar ligament, the tibial (medial) and fibular (lateral) 
eollateral ligaments, and the anterior and posterior cruci- 
ate ligaments. 
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Fig. 6.73 Fibrous membrane of the knee joint capsule. A. Anterior view. B. Posterior view. 
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Patellar ligament 

The patellar ligament is basieally the continuation of 
the quadriceps femoris tendon inferior to the patella 
(Fig. 6.73). It is attaehed above to the margins and apex of 
the patella and below to the tibial tuberosity. 

Collateral ligaments 

The eollateral ligaments, one on eaeh side of the joint, 
stabilize the hinge-like motion of the knee (Fig. 6.74). 


The eord-like fibular eollateral ligament is attaehed 
superiorly to the lateral femoral epieondyle just above the 
groove for the popliteus tendon. Inferiorly, it is attaehed to 
a depression on the lateral surface of the fibular head. It is 
separated from the fibrous membrane by a bursa. 

The broad and flat tibial eollateral ligament is 
attaehed by much of its deep surface to the underlying 
fibrous membrane. It is anehored superiorly to the medial 
femoral epieondyle just inferior to the adductor tubercle 
and deseends anteriorly to attaeh to the medial margin and 
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Fig. 6.74 Collateral ligaments of the knee joint. A. Lateral view. B. Medial view. C. Normal knee joint showing the patellar ligament and the 
fibular eollateral ligament. Tl-weighted magnetie resonanee image in the sagittal plane. D. Normal knee joint showing the tibial eollateral 
ligament, the medial and lateral menisei, and the anterior and posterior emeiate ligaments. T1-weighted magnetie resonanee image in the 
eoronal plane. 
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medial surface of the tibia above and behind the attaeh- 
ment of the sartorius, graeilis, and semitendinosus tendons. 

Cruciate ligaments 

The two emeiate ligaments are in the intereondylar 
region of the knee and intereonneet the femur and tibia 
(Figs. 6.74D and 6.75). They are termed “emeiate” (Latin 
for “shaped like a eross”) because they eross eaeh other 
in the sagittal plane between their femoral and tibial 
attaehments: 


The anterior emeiate ligament attaehes to a faeet 
on the anterior part of the intereondylar area of the 
tibia and aseends posteriorly to attaeh to a faeet at 
the baek of the lateral wall of the intereondylar fossa of 
the femur. 

The posterior emeiate ligament attaehes to the pos- 
terior aspeet of the intereondylar area of the tibia and 
aseends anteriorly to attaeh to the medial wall of the 
intereondylar fossa of the femur. 


The anterior cruciate ligament erosses lateral to the pos- 
terior cruciate ligament as they pass through the intereon- 
dylar region. 
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Fig. 6.75 Cruciate ligaments of the knee joint. Superolateral view. 


The anterior emeiate ligament prevents anterior dis- 
plaeement of the tibia relative to the femur and the poste- 
rior emeiate ligament restriets posterior displaeement 

(Fig. 6.75). 

Loeking meehanism 

When standing, the knee joint is loeked into position, 
thereby reducing the amount of muscle work needed to 
maintain the standing position (Fig. 6.76). 

One eomponent of the loeking meehanism is a ehange 
in the shape and size of the femoralsurfaces that articulate 
with the tibia: 


In flexion, the surfaces are the curved and rounded 
areas on the posterior aspeets of the femoral eondyles. 




Line of eenter of gravity is 
anterior to knee joint and 
maintains extension 


Fig. 6.76 Knee “loeking” meehanism. 
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As the knee is extended, the surfaces move to the broad 
and flat areas on the inferior aspeets of the femoral 
eondyles. 

Consequently the joint surfaces beeome larger and more 
stable in extension. 

Anothereomponentof theloekingmeehanismis medial 
rotation of the femur on the tibia during extension. Medial 
rotation and full extension tightens all the assoeiated 
ligaments. 

Another feature that keeps the knee extended when 
standing is that the body’s eenter of gravity is positioned 
along a vertieal line that passes anterior to the knee joint. 

The popliteus muscle unlocks the knee by initiating 
lateral rotation of the femur on the tibia. 

Vascular supply and innervation 

Vascular supply to the knee joint is predominantly through 
deseending and genicular branehes from the femoral, pop- 
liteal, and lateral circumflex femoral arteries in the thigh 
and the circumflex fìbular artery and recurrent branehes 
from the anterior tibial artery in the leg. These vessels form 
an anastomotie network around the joint (Fig. 6.77). 

The knee joint is innervated by branehes from the obtu- 
rator, femoral, tibial, and eommon fìbular nerves. 


In the elinie 

Soft tissue injuries to the knee 

Soft tissue injuries are eommon at and around the 
knee joint. 

The typieal injuries include tears of the anterior and 
posterior cruciate ligaments, meniseal tears, and trauma 
to the eollateral ligaments. Isolated soft tissue injuries 
may occur, but it is not uncommon for eertain types of 
injuries to occur together, for example, anterior emeiate 
ligament disruption, tibial eollateral ligament disroption, 
and tears of the medial meniscus. 

Any soft tissue injury at and around the knee joint 
may involve the neurovascular bundle, and assessment 
of neurovascular structures is eritieal in the 
management of patients with injury to the soft tissues. 
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Fig. 6.77 Anastomoses of arteries around the knee. Anterior 
view. 
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ln the elinie 

Degenerative joint disease/osteoarthritis 

Degenerative joint disease occurs throughout many joints 
within the body. Articular degeneration may result from 
an abnormal foree aeross the joint with a normal eartilage 
or a normal foree with abnormal eartilage. 

Typieally degenerative joint disease occurs in synovial 
joints and the proeess is ealled osteoarthritis. In the joints 
where osteoarthritis occurs the eartilage and bony tissues 
are usually involved, with limited ehange within the 
synovial membrane. The typieal findings include reduction 
in the joint spaee, eburnation (joint selerosis), 
osteophytosis (small bony outgrowths), and bony eyst 
formation. As the disease progresses the joint may 
beeome malaligned, its movement may beeome severely 
limited, and there may be signifieant pain. 

The eommonest sites for osteoarthritis include the 
small joints of the hands and wrist, and in the lower limb, 
the hip and knee are typieally affeeted, though the 
tarsometatarsal and metatarsophalangeal articulations 
may undergo similar ehange. 

The etiology of degenerative joint disease is unclear, 
but there are some assoeiations, including genetie 


predisposition, inereasing age (males tend to be affeeted 
younger than females), overuse or underuse of joints, and 
nutritional and metabolie abnormalities. Further faetors 
include joint trauma and pre-existing articular disease or 
deformity. 

The histologieal findings of osteoarthritis eonsist of 
degenerative ehanges within the eartilage and the 
subchondral bone. Further articular damage worsens 
these ehanges, which promote further abnormal stresses 
upon the joint. As the disease progresses the typieal 
finding is pain, which is usually worse on rising from bed 
and at the end of a day's aetivity. Commonly it is 
aggravated by the extremes of movement or 
unaccustomed exertion. Stiffness and limitation of 
movement may ensue. 

Treatment in the first instanee includes alteration of 
lifestyle to prevent pain and simple analgesia. As 
symptoms progress a joint replaeement may be neeessary, 
but although joint replaeement appears to be the 
panaeea for degenerative joint disease, it is not without 
risks and eomplieations, which include infeetion and 
failure in the short and long term. 


In the elinie 


Examination of the knee joint 

It is important to establish the nature of the patient's 
eomplaint before any examination. The history should 
include information about the eomplaint, the signs and 
symptoms, and the patient's lifestyle (level of aetivity). 

This history may give a signifieant clue to the type of 
injury and the likely findings on elinieal examination 7 for 
example, if the patient was kieked around the medial 
aspeet of the knee, a valgus deformity injury to the tibial 
eollateral ligament might be suspected. 

The examination should include assessment in the 
ereet position, while walking, and on the couch. 

The affeeted side must be eompared with the 
unaffected side. 

There are many tests and techniques for examining the 
knee joint, including the following. 

Tests for anterior instability 

■ Laehman's test—the patient lies on the couch. The 
examiner plaees one hand around the distal femur 
and the other around the proximal tibia and then 
elevates the knee, producing 20° of flexion. The 
patient's heel rests on the couch. The examiner's 
thumb must be on the tibial tuberosity. The hand on 
the tibia applies a brisk anteriorly direeted foree. If 


the movement of the tibia on the femur eomes to a 
sudden stop, it is a firm endpoint. If it does not eome 
to a sudden stop,the endpoint is deseribed as soft 
and is assoeiated with a tear of the anterior cruciate 
ligament. 

■ Anterior drawer test—a positive anterior drawer test 
is when the proximal head of a patient's tibia ean be 
pulled anteriorly on the femur. The patient lies 
supine on the couch. The knee is flexed to 90° and 
the heel and sole of the foot are plaeed on the 
couch.The examiner sits gently on the patient's foot, 
which has been plaeed in a neutral position. The 
index fìngers are used to eheek that the hamstrings 
are relaxed while the other fìngers eneirele the upper 
end of the tibia and pull the tibia. If the tibia moves 
forward r the anterior cruciate ligament is torn. Other 
peripheral structures, such as the medial meniscus or 
meniseotibial ligaments, must also be damaged to 
elieit this sign. 

■ Pivot shift test—there are many variations of this 
test. The patient's foot is wedged between the 
examiner's body and elbow. The examiner plaees 
one hand flat under the tibia pushing it forward with 
the knee in extension. The other hand is plaeed 
against the patient's thigh pushing it the other way. 
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ln the elinie—eont'd 

The lovver limb is taken into slight abduction by the 
examiner's elbovv with the examiner's body aeting as 
a fulcrum to produce the valgus. The examiner 
maintains the anterior tibial translation and the 
valgus and initiates flexion of the patient's knee. At 
about 20°-30° the pivot shift will occur as the lateral 
tibial plateau reduces. This test demonstrates 
damage to the posterolateral eorner of the knee joint 
and the anterior emeiate ligament. 

Tests for posterior instability 

■ Posterior drawer test—a positive posterior drawer 
test occurs when the proximal head of a patient's 
tibia ean be pushed posteriorly on the femur. The 
patient is plaeed in a supine position and the knee is 
flexed to approximately 90° with the foot in the 
neutral position. The examiner sits gently on the 
patient's foot plaeing both thumbs on the tibial 
tuberosity and pushing the tibia backward. If the 
tibial plateau moves, the posterior cruciate ligament 
is torn. 

Assessment ofother structures ofthe knee 

■ Assessment of the tibial eollateral ligament ean be 
performed by plaeing a valgus stress on the knee. 


■ Assessment of lateral and posterolateral knee 
structures requires more complex elinieal testing. 

The knee will also be assessed for: 

■ joint line tenderness, 

■ patellofemoral movement and instability, 

■ presenee of an effusion, 

■ muscle injury, and 

■ popliteal fossa masses. 

Further investigations 

After the elinieal examination has been earried out, further 
investigations usually include plain radiography and 
possibly magnetie resonanee imaging, which allows the 
radiologist to assess the menisei, cruciate ligaments, 
eollateral ligaments, bony and cartilaginous surfaces, and 
softtissues. 

Arthroseopy may be earried out and damage to any 
internal structures repaired or trimmed. An arthroseope is 
a small eamera that is plaeed into the knee joint through 
the anterolateral or anteromedial aspeet of the knee joint. 
The joint is filled with a saline solution and the teleseope 
is manipulated around the knee joint to assess the 
cruciate ligaments, menisei, and cartilaginous surfaces. 


In the elinie 

Anterolateral ligament of the knee 

A ligament assoeiated at its origin with the fibular 
eollateral ligament ofthe knee has been deseribed. This 
ligament (anterolateral ligament of the knee) courses from 
the lateral femoral epieondyle to the anterolateral region 
of the proximal end of the tibia and may eontrol internal 
rotation of the tibia. {JAnat 2013;223:321-328) 
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Tibiofìbular joint 

The small proximal tibiofibular joint is synovial in type and 
allows very little movement (Fig. 6.78). The opposing joint 
surfaces, on the undersurface of the lateral eondyle of the 
tibia and on the superomedial surface of the head of the 
fibula, are flat and circular. The capsule is reinforeed by 
anterior and posterior ligaments. 


Popliteal fossa 

The popliteal fossa is an important area of transition 
between the thigh and leg and is the major route by which 
structures pass from one region to the other. 

The popliteal fossa is a diamond-shaped spaee behind 
the knee joint formed between muscles in the posterior 
eompartments of the thigh and leg (Fig. 6.79A): 

The margins of the upper part of the diamond are 
formed medially by the distal ends of the semitendino- 
sus and semimembranosus muscles and laterally by the 
distal end of the bieeps femoris muscle. 
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Fig.6.78 Tibiofibular joint. 
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Fig. 6.79 Popliteal fossa. A. Boundaries. B. Nerves and vessels. C. Superficial structures. 
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The margins of the smaller lower part of the spaee are 
formed medially by the medial head of the gastroene- 
mius muscle and laterally by the plantaris muscle and 
the lateral head of the gastrocnemius imisele. 

The floor of the fossa is formed by the capsule of the 
knee joint and adjaeent surfaces of the femur and tibia, 
and, more inferiorly, by the popliteus muscle. 

The roof is formed by deep faseia, which is continuous 
above with the faseia lata of the thigh and below with 
deep faseia of the leg. 

Contents 

The major eontents of the popliteal fossa are the popliteal 
artery, the popliteal vein, and the tibial and eommon fibular 
nerves (Fig. 6.79B). 

Tibial and eommon fibular nerves 

The tibial and eommon fibular nerves originate proximal 
to the popliteal fossa as the two major branehes of the 
seiatie nerve. They are the most superficial of the neuro- 
vascular structures in the popliteal fossa and enter the 
region direetly from above under the margin of the bieeps 
femoris muscle: 

The tibial nerve deseends vertieally through the popli- 
teal fossa and exits deep to the margin of the plantaris 
muscle to enter the posterior eompartment of the leg. 
The eommon fibular nerve exits by following the bieeps 
femoris tendon over the lower lateral margin of the pop- 
liteal fossa, and continues to the lateral side of the leg 
where it swings around the neek of the fibula and enters 
the lateral eompartment of the leg. 

Popliteal artery and vein 

The popliteal artery is the continuation of the femoral 
artery in the anterior eompartment of the thigh, and 


begins as the femoral artery passes posteriorly through the 
adductor hiatus in the adductor magnus muscle. 

The popliteal artery appears in the popliteal fossa on 
the upper medial side under the margin of the semimem- 
branosus muscle. It deseends obliquely through the fossa 
with the tibial nerve and enters the posterior eompart- 
ment of the leg where it ends just lateral to the midline 
of the leg by dividing into the anterior and posterior tibial 
arteries. 

The popliteal artery is the deepest of the neurovascular 
structures in the popliteal fossa and is therefore difficult to 
palpate; however, a pulse ean usually be deteeted by deep 
palpation near the midline. 

In the popliteal fossa, the popliteal artery gives rise to 
branehes, which supply adjaeent muscles, and to a series 
of geniculate arteries, which contribute to vascular anas- 
tomoses around the knee. 

The popliteal vein is superficial to and travels with the 
popliteal artery. It exits the popliteal fossa superiorly to 
beeome the femoral vein by passing through the adductor 
hiatus. 

Roof of popliteal fossa 

The roof of the popliteal fossa is eovered by superficial 
faseia and skin (Fig. 6. 79C). The most important structure 
in the superficial faseia is the small saphenous vein. This 
vessel aseends vertieally in the superficial faseia on the 
baek of the leg from the lateral side of the dorsal venous 
areh in the foot. It aseends to the baek of the knee where 
it penetrates deep faseia, which forms the roof of the pop- 
liteal fossa, and joins with the popliteal vein. 

One other structure that passes through the roof of the 
fossa is the posterior cutaneous nerve of the thigh, which 
deseends through the thigh superficial to the hamstring 
muscles, passes through the roof of the popliteal fossa, 
and then continues inferiorly with the small saphenous 
vein to innervate skin on the upper half of the baek of 
the leg. 
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The leg is that part of the lower limbbetween the knee joint 
and ankle joint (Fig. 6.80): 

Proximally, most major structures pass between the 
thigh and leg through or in relation to the popliteal fossa 
behind the knee. 

Distally, structures pass between the leg and foot mainly 
through the tarsal tunnel on the posteromedial side of 
the ankle, the exceptions being the anterior tibial artery 
and the ends of the deep and superficial fibular nerves, 
which enter the foot anterior to the ankle. 


The bony framework of the leg eonsists of two bones, 
the tibia and fibula, arranged in parallel. 

The fíbula is much smaller than the tibia and is on the 
lateral side of the leg. It articulates superiorly with the 
inferior aspeet of the lateral eondyle of the proximal tibia, 
but does not take part in formation of the knee joint. The 
distal end of the fibula is firmly anehored to the tibia by a 
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Fig.6.80 Posterior view of leg; eross seetion through the left leg 
(inset). 


fibrous joint and forms the lateral malleolus of the ankle 
joint. 

The tibia is the weight-bearing bone of the leg and is 
therefore much larger than the fibula. Above, it takes part 
in the formation of the knee joint and below it forms the 
medial malleolus and most of the bony surface for articula- 
tion of the leg with the foot at the ankle joint. 

The leg is divided into anterior (extensor), posterior 
(flexor), and lateral (fibular) eompartments by: 

an interosseous membrane, which links adjaeent 
borders of the tibia and fibula along most of their length; 

■ two intermuscular septa, which pass between the fibula 
and deep faseia surrounding the limb; and 

■ direet attaehment of the deep faseia to the perios- 
teum of the anterior and medial borders of the tibia 
(Fig. 6.80). 

Muscles in the anterior eompartment of the leg dorsiflex 
the ankle, extend the toes, and invert the foot. Muscles in 
the posterior eompartment plantarflex the ankle, flex the 
toes, and invert the foot. Muscles in the lateral eompart- 
ment evert the foot. Major nerves and vessels supply or pass 
through eaeh eompartment. 

Bones 

Shaft and distal end of tibia 

The shaft of the tibia is triangular in eross seetion and has 
anterior, interosseous, and medial borders and medial, 
lateral, and posterior surfaces (Fig. 6.81): 

The anterior and medial borders and the entire medial 
surface are subcutaneous and easily palpable. 

The interosseous border of the tibia is eonneeted, by the 
interosseous membrane, along its length to the interos- 
seous border of the fibula. 

■ The posterior surface is marked by an oblique line (the 
soleal line). 

The soleal line deseends aeross the bone from the lateral 
side to the medial side where it merges with the medial 
border. In addition, a vertieal line deseends down the upper 
part of the posterior surface from the midpoint of the soleal 
line. It disappears in the lower one-third of the tibia. 

The shaft of the tibia expands at both the upper and 
lower ends to support the body’s weight at the knee and 
ankle joints. 

The distal end of the tibia is shaped like a rectangular 
box with a bony protuberance on the medial side (the 
medial malleolus; Fig. 6.81). The upper part of the box 
is continuous with the shaft of the tibia while the lower 
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Fig. 6.81 Tibia and fibula. A. Anterior view. B. Posterior view. C. Cross seetion through shafts. D. Posteromedial view of distal ends. 


surface and the medial malleolus articulate with one of the 
tarsal bones (talus) to form a large part of the ankle joint. 

The posterior surface of the box-like distal end of the 
tibia is marked by a vertieal groove, which continues infe- 
riorly and medially onto the posterior surface of the medial 
malleolus. The groove is for the tendon of the tibialis pos- 
terior muscle. 

The lateral surface of the distal end of the tibia is occu- 
pied by a deep triangular noteh (the fíbular noteh), to 
which the distal head of the fibula is anehored by a thiek- 
ened part of the interosseous membrane. 

Shaft and distal end of fìbula 

The fibula is not involved in weight-bearing. The fibular 
shaft is therefore much narrower than the shaft of the 
tibia. Also, and except for the ends, the fibula is enelosed 
by muscles. 


Like the tibia, the shaft of the fibula is triangular in 
eross seetion and has three borders and three surfaces for 
the attaehment of muscles, intermuscular septa, and liga- 
ments (Fig. 6.8^ ). The interosseous border of the fibula 
faees and is attaehed to the interosseous border of the tibia 
by the interosseous membrane. Intermuscular septa attaeh 
to the anterior and posterior borders. Muscles attaeh to the 
three surfaces. 

The narrow medial surface faees the anterior eom- 
partment of the leg, the lateral surface faees the lateral 
eompartment of the leg, and the posterior surface faees 
the posterior eompartment of the leg. 

The posterior surface is marked by a vertieal erest 
(medial erest), which divides the posterior surface into 
two parts eaeh attaehed to a different deep flexor muscle. 

The distal end of the fibula expands to form the spade- 
shaped lateral malleolus (Fig. 6.81). 
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The medial surface of the lateral malleolus bears a faeet 
for articulation with the lateral surface of the talus, thereby 
forming the lateral part of the ankle joint. Just superior to 
this articular faeet is a triangular area, which fìts into the 
fibular noteh on the distal end of the tibia. Here the tibia 
and fibula are joined together by the distal end of the inter- 
osseous membrane. Posteroinferior to the faeet for articu- 
lation with the talus is a pit or fossa (the malleolar fossa) 
for the attaehment of the posterior talofibular ligament 
assoeiated with the ankle joint. 

The posterior surface of the lateral malleolus is marked 
by a shallow groove for the tendons of the fibularis longus 
and fibularis brevis muscles. 

Joints 

lnterosseous membrane of leg 

The interosseous membrane of the leg is a tough fibrous 
sheet of eonneetive tissue that spans the distanee between 
faeing interosseous borders of the tibial and fibular shafts 
(Fig. 6.82). The eollagen fibers deseend obliquely from the 


interosseous border of the tibia to the interosseous border 
of the fibula, except superiorly where there is a ligamen- 
tous band, which aseends from the tibia to fibula. 

There are two apertures in the interosseous membrane, 
one at the top and the other at the bottom, for vessels to 
pass between the anterior and posterior eompartments 
of the leg. 

The interosseous membrane not only links the tibia and 
fibula together, but also provides an inereased surface area 
for muscle attaehment. 

The distal ends of the fibula and tibia are held together 
by the inferior aspeet of the interosseous membrane, which 
spans the narrow spaee between the fibular noteh on the 
lateral surface of the distal end of the tibia and the eorre- 
sponding surface on the distal end of the fibula. This 
expanded end of the interosseous membrane is reinforeed 
by anterior and posterior tibiofíbular ligaments. This 
firm linking together of the distal ends of the tibia and 
fibula is essential to produce the skeletal framework for 
articulation with the foot at the ankle joint. 
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Fig. 6.82 lnterosseous membrane. A. Anterior view. B. Posteromedial view. 
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Posterior eompartment of leg 

Muscles 

Muscles in the posterior (flexor) eompartment of the leg are 
organized into two groups, superfìcial and deep, separated 
by a layer of deep faseia. Generally, the muscles mainly 
plantarflex and invert the foot and flex the toes. All are 
innervated by the tibial nerve. 

Superficial group 

The superfìcial group of muscles in the posterior eompart- 
ment of the leg eomprises three muscles—the gastroene- 
mius, plantaris, and soleus (Table 6.6) —all of whichinsert 
onto the heel (calcaneus) of the foot and plantarflex the 
foot at the ankle joint (Fig. 6.83). As a unit, these imiseles 
are large and powerful because they propel the body 
forward off the planted foot during walking and ean elevate 
the body upward onto the toes when standing. Two of the 
muscles (gastrocnemius and plantaris) originate on the 
distal end of the femur and ean also flex the knee. 

Gastrocnemius 

The gastrocnemius muscle is the most superfìcial of the 
muscles in the posterior eompartment and is one of the 
largest imiseles in the leg (Fig. 6.83). It originates from two 
heads, one lateral and one medial: 

The medial head is attaehed to an elongate roughen- 
ing on the posterior aspeet of the distal femur just 
behind the adductor tubercle and above the articular 
surface of the medial eondyle. 

The lateral head originates from a distinet faeet on the 
upper lateral surface of the lateral femoral eondyle 
where it joins the lateral supracondylar line. 


At the knee, the faeing margins of the two heads of the 
gastrocnemius form the lateral and medial borders of the 
lower end of the popliteal fossa. 

In the upper leg, theheads of the gastrocnemius eombine 
to form a single elongate muscle belly, which forms much 
of the soft tissue bulge identifìed as the ealf. 

In the lower leg, the muscle fìbers of the gastrocnemius 
eonverge with those of the deeper soleus muscle to form 
the ealeaneal tendon, which attaehes to the calcaneus 
(heel) of the foot. 

The gastroenemhis plantarflexes the foot at the ankle 
joint and ean also flex the leg at the knee joint. It is inner- 
vated by the tibial nerve. 

Plantaris 

The plantaris has a small muscle belly proximally and a 
long thin tendon, which deseends through the leg and 
joins the ealeaneal tendon (Fig. 6.82). The muscle takes 
origin superiorly from the lower part of the lateral supra- 
eondylar ridge of the femur and from the oblique popliteal 
ligament assoeiated with the knee joint. 

The short spindle-shaped muscle body of the plantaris 
deseends medially, deep to the lateral head of the gastroe- 
nemius, and forms a thin tendon, which passes between 
the gastroenemms and soleus muscles and eventually fuses 
with the medial side of the ealeaneal tendon near its 
attaehment to the calcaneus. 

The plantaris contributes to plantarflexion of the foot at 
the ankle joint and flexion of the leg at the knee joint, and 
is innervated by the tibial nerve. 

Soleus 

The soleiis is a large flat muscle under the gastrocnemius 
nrnsele (Fig. 6.83). It is attaehed to the proximal ends of 


Table 6.6 Superfìcial group of muscles in the posterior eompartment of leg (spinal segments in bold are the major segments 

innervating the muscle) 


Muscle Origin 


Insertion 


Innervation 


Function 


Gastrocnemius 


Plantaris 


Soleus 


Medial head—posterior surface of 
distal femur just superior to medial 
eondyle; lateral head—upper 
posterolateral surface of lateral 
femoral eondyle 

Inferior part of lateral supracondylar 
line of femurand oblique popliteal 
ligament of knee 

Soleal line and medial border of 
tibia; posterior aspeet of fibular 
head and adjaeent surfaces of neek 
and proximal shaft; tendinous areh 
between tibial and fibular 
attaehments 


Via ealeaneal tendon, to 
posterior surface of calcaneus 


Via ealeaneal tendon, to 
posterior surface of calcaneus 


Via ealeaneal tendon, to 
posterior surface of calcaneus 


Tibial nerve (S1, S2) Plantarflexes foot and 

flexes knee 


Tibial nerve (S1, S2) Plantarflexes foot and 

flexes knee 

Tibial nerve (S1, S2) Plantarfìexes the foot 
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Fig. 6.83 Superficial group of muscles in the posterior eompartment of leg. A. Posterior view. B. Lateral view. 


622 










































Regional anatomy * Leg 


6 


the fibula and tibia, and to a tendinous ligament, which 
spans the distanee between the two heads of attaehment 
to the fibula and tibia: 

On the proximal end of the fibula, the soleus originates 
from the posterior aspeet of the head and adjaeent 
surface of the neek and upper shaft of the fibula. 

On the tibia, the soleus originates from the soleal line 
and adjaeent medial border. 

The ligament, which spans the distanee between the 
attaehments to the tibia and fibula, arehes over the pop- 
liteal vessels and tibial nerve as they pass from the pop- 
liteal fossa into the deep region of the posterior 
eompartment of the leg. 

In the lower leg, the soleus muscle narrows to join the 
ealeaneal tendon that attaehes to the calcaneus. 

The soleus muscle, together with the gastrocnemius and 
plantaris, plantarflexes the foot at the ankle joint. It is 
innervated by the tibial nerve. 


In the elinie 

Aehilles tendon rupture 

Rupture of the Aehilles tendon is often related to 
sudden or direet trauma. This type of injury frequently 
occurs in a normal healthy tendon. In addition, there are 
eertain eonditions that may predispose the tendon to 
rupture. Among these eonditions are tendinopathy (due 
to overuse, or to age-related degenerative ehanges) and 
previous Aehilles tendon interventions such as 
injeetions of pharmaceuticals and the use of eertain 
antibioties (quinolone group).The diagnosis of Aehilles 
tendon rupture is relatively straightforward. The patient 
typieally eomplains of "being kieked" or "shot" behind 
the ankle, and elinieal examination often reveals a gap 
in the tendon. 


Deep group 

There are four muscles in the deep posterior eompartment 
of the leg (Fig. 6.84) —the popliteus, flexor hallucis longus, 
flexor digitomm longus, and tibialis posterior (Table 6.7). 
The popliteus muscle aets on the knee, whereas the other 
three muscles aet mainly on the foot. 

Popliteus 

The popliteus is the smallest and most superior of the 
deep muscles in the posterior eompartment of the leg. It 
unlocks the extended knee at the initiation of flexion and 
stabilizes the knee by resisting lateral (external) rotation of 
the tibia on the femur. It is flat and triangular in shape, 
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Fig. 6.84 Deep group of muscles in the posterior eompartment 
of leg. 
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Table 6.7 Deep group of muscles i n the posterior eompartment of leg (spinal segments i n bold are the major segments innervating 

the muscle) 

Muscle Origin Insertion Innervation Function 

Popliteus Lateral femoral eondyle Posterior surface of Tibial nerve (L4 to S1) Stabilizes knee joint (resists 

proximal tibia lateral rotation of tibia on femur) 

Llnloeks knee joint (laterally 
rotates femur on fixed tibia) 


Flexor hallucis 
longus 


Posterior surface of fibula and Plantar surface of distal 
adjaeent interosseous membrane phalanx of great toe 


Tibial nerve (S2, S3) 


Flexor digitorum Medial side of posterior surface 

longus of the tibia 


Plantar surfaces of bases of Tibial nerve (S2, S3) 
distal phalanges of the 
lateral four toes 


Tibialis posterior Posterior surfaces of interosseous 

membrane and adjaeent regions 
of tibia and fibula 


Mainly to tuberosity of Tibial nerve (L4, L5) 
navicular and adjaeent 
region of medial cuneiform 


Flexes greattoe 
Flexes lateral four toes 


Inversion and plantarfìexion of 
foot; support of medial areh of 
foot during walking 


formspart of thefloor of thepopliteal fossa (Fig. 6.84), and 
is inserted into a broad triangular region above the soleal 
line on the posterior surface of the tibia. 

The popliteus muscle aseends laterally aeross the lower 
aspeet of the knee and originates from a tendon, which 
penetrates the fìbrous membrane of the joint capsule of the 
knee. The tendon aseends laterally around the joint where 
it passes between the lateral meniscus and the fìbrous 
membrane and then into a groove on the inferolateral 
aspeet of the lateral femoral eondyle. The tendon attaehes 
to and originates from a depression at the anterior end of 
the groove. 

When initiating gait from a standing position, eontrae- 
tion of the popliteus laterally rotates the femur on the fìxed 
tibia, unlocking the knee joint. The popliteus muscle is 
innervated by the tibial nerve. 

Flexor hallucis longus 

The flexor hallucis longus muscle originates on the lateral 
side of the posterior eompartment of the leg and inserts 
into the plantar surface of the great toe on the medial side 
of the foot (Fig. 6.84). It arises mainlyfrom the lower two- 
thirds of the posterior surface of the fìbula and adjaeent 
interosseous membrane. 

The muscle fìbers of the flexor hallucis longus eonverge 
inferiorly to form a large eord-like tendon, which passes 
behind the distal head of the tibia and then slips into a 
distinet groove on the posterior surface of the adjaeent 
tarsal bone (talus) of the foot. The tendon curves anteriorly 
fìrst under the talus and then under a shelf of bone (the 
sustentaculum tali), which projeets medially from the eal- 
caneus, and then continues anteriorly through the sole of 
the foot to insert on the inferior surface of the base of the 
624 distal phalanx of the great toe. 


The flexor hallucis longus flexes the great toe. It is par- 
ticularly aetive during the toe-off phase of walking when 
the body is propelled forward off the stanee leg and the 
great toe is the last part of the foot to leave the ground. It 
ean also contribute to plantarflexion of the foot at the 
ankle joint and is innervated by the tibial nerve. 

Flexor digitorum longus 

The flexor digitorum longus muscle originates on the 
medial side of the posterior eompartment of the leg and 
inserts into the lateral four digits of the foot (Fig. 6.84). It 
arises mainly from the medial side of the posterior surface 
of the tibia inferior to the soleal line. 

The flexor digitorum longus deseends in the leg and 
forms a tendon, which erosses posterior to the tendon of 
the tibialis posterior muscle near the ankle joint. The 
tendon continues inferiorly in a shallowgroove behind the 
medial malleolus and then swings forward to enter the sole 
of the foot. It erosses inferior to the tendon of the flexor 
hallucis longus muscle to reaeh the medial side of the foot 
and then divides into four tendons, which insert on the 
plantar surfaces of the bases of the distal phalanges of 
digits II to V. 

The flexor digitorum longus flexes the lateral four toes. 
It is involved with gripping the ground during walking and 
propelling the body forward off the toes at the end of the 
stanee phase of gait. It is innervated by the tibial nerve. 

Tibialis posterior 

The tibialis posterior muscle originates from the interosse- 
ous membrane and the adjaeent posterior surfaces of the 
tibia andfìbula (Fig. 6.84). It liesbetweenand is overlapped 
by the flexor digitomm longus and the flexor hallucis 
longus muscles. 
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Near the ankle, the tendon of the tibialis posterior is 
erossed superficially by the tendon of the flexor digitomm 
longus muscle and lies medial to this tendon in the groove 
on the posterior surface of the medial malleolus. The tendon 
curves forward under the medial malleohis and enters the 
medial side of the foot. It wraps around the medial margin 


of the foot to attaeh to the plantar surfaces of the medial 
tarsal bones, mainly to the tuberosity of the navicular and 
to the adjaeent region of the medial cuneiform. 

The tibialis posterior inverts and plantarflexes the foot, 
and supports the medial areh of the foot during walking. 
It is innervated by the tibial nerve. 


In the elinie 

Neurological examination of the legs 

Some of the eommonest eonditions that affeet the legs 
are peripheral neuropathy (particularly assoeiated with 
diabetes mellitus), lumbar nerve root lesions (assoeiated 
with pathology of the intervertebral dises), fibular nerve 
palsy, and spastie paraparesis. 

■ Look for muscle wasting—loss of muscle mass may 
indieate loss of or reduced innervation. 

■ Test the power in muscle groups—hip flexion (Ll r 
L2—iliopsoas—straight leg raise); knee flexion (L5 to 
S2—hamstrings—the patient tries to bend the knee 
while the examiner applies foree to the leg to hold 
the knee in extension); knee extension (L3, L4— 
quadriceps femoris—the patient attempts to keep 
the leg straight while the examiner applies a foree to 
the leg to fìex the knee joint); ankle plantarflexion 


(Sl 7 S2—the patient pushes the foot down while the 
examiner applies a foree to the plantar surface of the 
foot to dorsiflex the ankle joint); ankle dorsiflexion 
(L4, L5—the patient pulls the foot upward while the 
examiner applies a foree to the dorsal aspeet of the 
foot to plantarflex the ankle joint). 

■ Examine knee and ankle reflexes—a tap with a 
tendon hammer on the patellar ligament (tendon) 
tests reflexes at the L3-L4 spinal levels, and tapping 
the ealeaneal tendon tests reflexes at the S1-S2 
spinal levels. 

■ Assess status of general sensory input to lumbar and 
upper saeral spinal eord levels—test light touch, pin 
priek, and vibration sense at dermatomes in the 
lower limb. 
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Arteries 

Popliteal artery 

The popliteal artery is the major blood supply to the leg 
and foot and enters the posterior eompartment of the leg 
from the popliteal fossa behind the knee (Fig. 6.85). 

The popliteal artery passes into the posterior eompart- 
ment of the leg between the gastrocnemius and popliteus 
muscles. As it continues inferiorly it passes under the ten- 
dinous areh formed between the fibular and tibial heads of 
the soleus muscle and enters the deep region of the poste- 
rior eompartment of the leg where it immediately divides 
into an anterior tibial artery and a posterior tibial artery. 

Two large sural arteries, one on eaeh side, braneh from 
the popliteal artery to supply the gastrocnemius, soleus, 
and plantaris muscles (Fig. 6.85). In addition, the popliteal 
artery gives rise to branehes that contribute to a eollateral 
network of vessels around the knee joint (see Fig. 6.77). 

Anterior tibial artery 

The anterior tibial artery passes forward through the 
aperture in the upper part of the interosseous membrane 
and enters and supplies the anterior eompartment of the 
leg. It continues inferiorly onto the dorsal aspeet of the 
foot. 

Posterior tibial artery 

The posterior tibial artery supplies the posterior and 
lateral eompartments of the leg and continues into the sole 
of the foot (Fig. 6.85). 

The posterior tibial artery deseends through the deep 
region of the posterior eompartment of the leg on the 
superficial surfaces of the tibialis posterior and flexor digi- 
torum longus muscles. It passes through the tarsal tunnel 
behind the medial malleolus and into the sole of the foot. 

In the leg, the posterior tibial artery supplies adjaeent 
imiseles and bone and has two major branehes, the eir- 
cumflex fibular artery and the fibular artery: 

The circumflex fìbiilar artery passes laterally through 
the soleus muscle and around the neek of the fibula to 
eonneet with the anastomotie network of vessels sur- 
rounding the knee (Fig. 6.85; see also Fig. 6.77). 

The fìbular artery parallels the course of the tibial 
artery, but deseends along the lateral side of the poste- 
rior eompartment adjaeent to the medial erest on the 
posterior surface of the fibula, which separates the 
attaehments of the tibialis posterior and flexor halhieis 
longus muscles. 
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Fig. 6.85 Arteries in the posterior eompartment of leg. 


The fibular artery supplies adjaeent muscles and 
626 bone in the posterior eompartment of the leg and also has 
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branehes that pass laterally through the intermuscular 
septum to supply the fibularis muscles in the lateral eom- 
partment of the leg. 

A perforating braneh that originates from the fibular 
artery distally in the leg passes anteriorly through the infe- 
rior aperture in the interosseous membrane to anastomose 
with a braneh of the anterior tibial artery. 

The fibular artery passes behind the attaehment 
between the distal ends of the tibia and fibula and termi- 
nates in a network of vessels over the lateral surface of the 
calcaneus. 

Veins 

Deep veins in the posterior eompartment generally follow 
the arteries. 

Nerves 

Tibial nerve 

The nerve assoeiated with the posterior eompartment of 
the leg is the tibial nerve (Fig. 6.86), a major braneh of the 
seiatie nerve that deseends into the posterior eompartment 
from the popliteal fossa. 

The tibial nerve passes under the tendinous areh formed 
between the fibular and tibial heads of the soleus muscle 
and passes vertieally through the deep region of the poste- 
rior eompartment of the leg on the surface of the tibialis 
posterior muscle with the posterior tibial vessels. 

The tibial nerve leaves the posterior eompartment of the 
leg at the ankle by passing through the tarsal tunnel behind 
the medial malleolus. It enters the foot to supply most 
intrinsie muscles and skin. 

In the leg, the tibial nerve gives rise to: 

branehes that supply all the muscles in the posterior 
eompartment of the leg, and 

two cutaneous branehes, the sural nerve and medial 
ealeaneal nerve. 
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Fig. 6.86 Tibial nerve. A. Posterior view. B. Sural nerve. 
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Lower Limb 


Branehes of the tibial nerve that innervate the siiperfì- 
eial group of muscles of the posterior eompartment and 
popliteus muscle of the deep group originate high in the 
leg between the two heads of the gastrocnemius muscle in 
the distal region of the popliteal fossa (Fig. 6.8 7). Branehes 
innervatethe gastrocnemius,plantaris, and soleusmuscles, 
and pass more deeply into the popliteus muscle. 

Branehes to the deep muscles of the posterior eompart- 
ment originate from the tibial nerve deep to the soleus 
muscle in the upper half of the leg and innervate the tibi- 
alis posterior, flexor hallucis longus, and flexor digitoram 
longus muscles. 

Sural nerve 

The sural nerve originates high in the leg between the two 
heads of the gastrocnemius imisele (Fig. 6.86). It deseends 
superfìcial to the belly of the gastrocnemius muscle and 
penetrates through the deep faseia approximately in the 
middle of the leg where it is joined by a sural communicat- 
ing braneh from the eommon fìbular nerve. It passes down 
the leg, around the lateral malleolus, and into the foot. 

The sural nerve supplies skin on the lower posterolat- 
eral surface of the leg and the lateral side of the foot and 
little toe. 

Medial ealeaneal nerve 

The medial ealeaneal nerve is often multiple and originates 
from the tibial nerve low in the leg near the ankle and 
deseends onto the medial side of the heel. 

The medial ealeaneal nerve innervates skin on the 
medial surface and sole of the heel (Fig. 6.86). 

Lateral eompartment of leg 

Miisdes 

There are two muscles in the lateral eompartment of the 
leg—the fìbularis longus and fìbularis brevis (Fig. 6.87 and 
Table 6.8). Both evert the foot (turn the sole outward) and 
are innervated by the superfìcial fìbular nerve, which is a 
braneh of the eommon fìbular nerve. 


Fibularis longus 

The fíbularis longus muscle arises in the lateral eompart- 
ment of the leg, but its tendon erosses under the foot to 
attaeh to bones on the medial side (Fig. 6.87). It originates 
from both the upper lateral surface of the fìbula and from 
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Fibular troehlea 
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Fig. 6.87 Muscles in the lateral eompartment of leg. A. Lateral 
view. B. Inferior view of the right foot, with the foot 
plantarflexed at the ankle. 


Table 6.8 Muscles of the lateral eompartment of leg (spinal segments in bold are the major segments innervating the rrmsele) 


Muscle Origin 


Insertion 


Innervation Function 


Fibularis longus llpper lateral surface of fibula, Undersurface of lateral sides of Superficial fibular 

head of fibula, and oeeasionally distal end of medial cuneiform nerve (L5, S1, S2) 
the lateral tibial eondyle and base of metatarsal I 


Eversion and plantarflexion 
of foot; supports arehes 
of foot 


Fibularis brevis 


Lower two-thirds of lateral 
surface of shaft of fibula 


Lateral tubercle at base of 
metatarsal V 


Superficial fibular 
nerve (L5, S1, S2) 


Eversion of foot 
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the anterior aspeet of the fibiilar head and oeeasionally up 
onto the adjaeent region of the lateral tibial eondyle. 

The eommon fibular nerve passes anteriorly around the 
fibular neek between the attaehments of the fibularis 
longus to the fibular head and shaft. 

Distally, the fibularis longus deseends in the leg to form 
a tendon, which, in order: 

passes posterior to the lateral malleolus in a shallow 
bony groove, 

swings forward to enter the lateral side of the foot, 
deseends obliquely down the lateral side of the foot 
where it curves forward under a bony tubercle (fibular 
troehlea) of the calcaneus, 

■ enters a deep groove on the inferior surface of one of 
the other tarsal bones (the cuboid), and 
swings under the foot to eross the sole and attaeh to the 
inferior surfaces of bones on the medial side of the foot 
(lateral sides of the base of metatarsal I and the distal 
end of the medial cuneiform). 

The fibularis longus everts and plantarflexes the foot. 
In addition, the fibularis longus, tibialis anterior, and tibi- 
alis posterior muscles, which all insert on the undersur- 
faees of bones on the medial side of the foot, together 
aet as a stirmp to support the arehes of the foot. The fibu- 
laris longus supports mainly the lateral and transverse 
arehes. 

The fibularis longus is innervated by the superficial 
fibular nerve. 

Fibularis brevis 

The fibularis brevis muscle is deep to the fibularis longus 
muscle in the leg and originates from the lower two-thirds 
of the lateral surface of the shaft of the fibula (Fig. 6.87). 

The tendon of the fibularis brevis passes behind the 
lateral malleolus with the tendon of the fibularis longus 
muscle and then curves forward aeross the lateral surface 
of the calcaneus to attaeh to a tubercle on the lateral 
surface of the base of metatarsal V (the metatarsal assoei- 
ated with the little toe). 

The fibularis brevis assists in eversion of the foot and is 
innervated by the superficial fibular nerve. 

Arteries 


Gommon fìbular nerve 


Siiral nerve 


Lateral sural nerve 


Siiral communícating nerve 


Penetrates deep faseia 


■ 


nen/e 



Perforating branehes of fibular artery 
in posterior eompartment 
(vessels in and around fibula) 

Superficial fibular nerve 


Penetrates deep faseia 


No major artery passes vertieally through the lateral eom- 
partment of the leg. It is supplied by branehes (mainly from 
the fibular artery in the posterior eompartment of the leg) 
that penetrate into the lateral eompartment (Fig. 6.88). 


Fig. 6.88 Common fibular nerve, and nerves and arteries of the 
lateral eompartment of leg. A. Posterior view, right leg. B. Lateral 
view, right leg. 


Veins 

Deep veins generally follow the arteries. 
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Nerves 

Superfìcial fìbular nerve 

The nerve assoeiated with the lateral eompartment of the 
leg is the superfìcial fìbular nerve. This nerve originates 
as one of the two major branehes of the eommon fibular 
nerve, which enters the lateral eompartment of the leg 
from the popliteal fossa (Fig. 6.88B). 

The eommon fibular nerve originates from the seiatie 
nerve in the posterior eompartment of the thigh or in the 
popliteal fossa (Fig. 6.88A), and follows the medial margin 
of the bieeps femoris tendon over the lateral head of the 
gastrocnemius muscle and toward the fibula. Here it gives 
origin to two cutaneous branehes, which deseend in the leg: 

■ the sural communicating nerve, which joins the 
sural braneh of the tibial nerve and contributes to 
innervation of skin over the lower posterolateral side of 
the leg; and 

■ the lateral sural cutaneous nerve, which innervates 
skin over the upper lateral leg. 

The eommon fibular nerve continues around the neek 
of the fibula and enters the lateral eompartment by passing 
between the attaehments of the fibularis longus muscle to 
the head and shaft of the fibula. Here the eommon fibular 
nerve divides into its two terminal branehes: 

the superficial fibular nerve, and 
the deep fibular nerve. 

The superficial fibular nerve deseends in the lateral eom- 
partment deep to the fibularis longus and innervates the 
fibularis longus and fibularis brevis (Fig. 6.87B). It then 
penetrates deep faseia in the lower leg and enters the foot 
where it divides into medial and lateral branehes, which 
supply dorsal areas of the foot and toes except for: 

the web spaee between the great and seeond toes, which 
is supplied by the deep fibular nerve; and 
the lateral side of the little toe, which is supplied by the 
sural braneh of the tibial nerve. 

The deep fibular nerve passes anteromedially through 
the intermuscular septum into the anterior eompartment 
of the leg, which it supplies. 

Anterior eompartment of leg 

Musdes 

There are four muscles in the anterior eompartment of 
630 the leg—the tibialis anterior, extensor hallucis longus, 


extensor digitomm longus, and fibularis tertius (Fig. 6.89 
and Table 6.9). Collectively they dorsiflex the foot at the 
ankle joint, extend the toes, and invert the foot. All are 
innervated by the deep fibular nerve, which is a braneh of 
the eommon fibular nerve. 


Tibialis anterior 

The tibialis anterior muscle is the most anterior and 
medial of the imiseles in the anterior eompartment of the 
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Fig. 6.89 Muscles of the anterior eompartment of leg. 
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Table 6.9 


Muscles of the anterior eompartment of leg (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Tibialis anterior 


Extensor hallucis 
longus 


Origin 


Insertion 


Innervation 


Function 


Lateral surface of tibia and 


Medial and inferior surfaces 


adjaeent interosseous membrane of medial cuneiform and 

adjaeent surfaces on base 
of metatarsal I 

Middle one-half of medial surface Dorsal surface of base of 
of fibula and adjaeent surface of distal phalanx of great toe 
interosseous membrane 


Deep fibular nerve 
(L4, L5) 


Dorsiflexion of foot at ankle 
joint; inversion of foot; 
dynamie support of medial 
areh of foot 


Deep fibular nerve Extension of great toe and 


(L5,S1) 


dorsiflexion offoot 


Extensor digitomm Proximal one-half of medial 
longus surface of fibula and related 

surface of lateral tibial eondyle 


Fibularis tertius Distal part of medial surface of 

fibula 


Via dorsal digital Deep fibular nerve 

expansions into bases of (L5, S1) 

distal and middle phalanges 
of lateral four toes 


Extension of lateral four toes 
and dorsiflexion of foot 


Dorsomedial surface of base Deep fibular nerve 
of metatarsal V (L5, S1) 


Dorsiflexion and eversion 
of foot 


Extensor digitomm longus 


leg (Fig. 6.89). It originates mainly from the upper two- 
thirds of the lateral surface of the shaft of the tibia and 
adjaeent surface of the interosseous membrane. It also 
originates from deep faseia. 

Themusclefibers of the tibialis anterior eonverge in the 
lower one-third of the leg to form a tendon, which deseends 
into the medial side of the foot, where it attaehes to the 
medial and inferior surfaces of one of the tarsal bones 
(medial cuneiform) and adjaeent parts of metatarsal I 
assoeiated with the great toe. 

The tibialis anterior dorsiflexes the foot at the ankle joint 
and inverts the foot at the intertarsal joints. During 
walking, it provides dynamie support for the medial areh 
of the foot. 

The tibialis anterior is innervated by the deep fibular 
nerve. 

Extensor hallneis Iongus 

The extensor hallucis longus muscle lies next to and is 
partly overlapped by the tibialis anterior muscle (Fig. 6.89). 
It originates from the middle one-half of the medial surface 
of the fibula and adjaeent interosseous membrane. 

The tendon of the extensor hallucis longus appears 
between the tendons of the tibialis anterior and extensor 
digitoram longus in the lower one-half of the leg and 
deseends into the foot. It continues anteriorly on the medial 
side of the dorsal surface of the foot to near the end of the 
great toe where it inserts on the upper surface of the base 
of the distal phalanx. 

The extensor hallucis longus extends the great toe. 
Because it erosses anterior to the ankle joint, it also dorsi- 
flexes the foot at the ankle joint. Like all muscles in the 
anterior eompartment of the leg, the extensor hallucis 
longus muscle is innervated by the deep fibular nerve. 


The extensor digitoram longus muscle is the most pos- 
terior and lateral of the muscles in the anterior eompart- 
ment of the leg (Fig. 6.89). It originates mainly from the 
upper one-half of the medial surface of the fibula lateral to 
and above the origin of the extensor hallucis longus muscle, 
and extends superiorly onto the lateral eondyle of the tibia. 
Like the tibialis anterior muscle, it also originates from 
deep faseia. 

The extensor digitoram longus muscle deseends to form 
a tendon, which continues into the dorsal aspeet of the 
foot, where it divides into four tendons, which insert, via 
dorsal digital expansions, into the dorsal surfaces of the 
bases of the middle and distal phalanges of the lateral 
four toes. 

The extensor digitorum longus extends the toes and 
dorsiflexes the foot at the ankle joint, and is innervated by 
the deep fibular nerve. 


The fìbularis tertius muscle is normally eonsidered 
part of the extensor digitoram longus (Fig. 6.89). The 
fibularis tertius originates from the medial surface of the 
fibula immediately below the origin of the extensor digito- 
rum longus muscle and the two muscles are normally 
eonneeted. 

The tendon of the fibularis tertius deseends into the foot 
with the tendon of the extensor digitorum longus. On the 
dorsal aspeet of the foot, it deviates laterally to insert into 
the dorsomedial surface of the base of metatarsal V (the 
metatarsal assoeiated with the little toe). 

The fibularis tertius assists in dorsiflexion and possibly 
eversion of the foot, and is innervated by the deep fibular 
nerve. 


Fibularis tertius 
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Lower Limb 


Arteries 

Anterior tibial artery 

The artery assoeiated with the anterior eompartment 
of the leg is the anterior tibial artery, which originates 
from the popliteal artery in the posterior eompartment 
of the leg and passes forward into the anterior eom- 
partment of the leg through an aperture in the interosse- 
ous membrane. 

The anterior tibial artery deseends through the anterior 
eompartment on the interosseous membrane (Fig. 6.90). 
In the distal leg, it lies between the tendons of the tibialis 
anterior and extensor hallucis longus muscles. It leaves the 
leg by passing anterior to the distal end of the tibia and 
ankle joint and continues onto the dorsal aspeet of the foot 
as the dorsalis pedis artery. 

In the proximal leg, the anterior tibial artery has a 
recurrent braneh, which eonneets with the anastomotie 
network of vessels around the knee joint. 

Along its course, the anterior tibial artery supplies 
numerous branehes to adjaeent muscles and is joined by 
the perforating braneh of the fibular artery, which passes 
forward through the lower aspeet of the interosseous 
membrane from the posterior eompartment of the leg. 

Distally, the anterior tibial artery gives rise to an ante- 
rior medial malleolar artery and an anterior lateral 
malleolar artery, which pass posteriorly around the 
distal ends of the tibia and fibula, respeetively, and eonneet 
with vessels from the posterior tibial and fibular arteries to 
form an anastomotie network around the ankle. 

Veins 

Deep veins follow the arteries and have similar names. 

Nerves 

Deep fíbular nerve 

The nerve assoeiated with the anterior eompartment of the 
leg is the deep fibular nerve (Fig. 6.90). This nerve origi- 
nates in the lateral eompartment of the leg as one of the 
two divisions of the eommon fibular nerve. 

The deep fibular nerve passes anteromedially through 
the intermuscular septum that separates the lateral from 
the anterior eompartments of the leg and then passes deep 
to the extensor digitomm longus. It reaehes the anterior 
interosseous membrane where it meets and deseends with 
the anterior tibial artery. 

The deep fibular nerve: 
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Fig. 6.90 Anterior tibial artery and deep fibular nerve. 


innervates all muscles in the anterior eompartment; 
then continues into the dorsal aspeet of the foot where 
it innervates the extensor digitomm brevis, contributes 
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to the innervation of the first two dorsal interossei 
muscles, and supplies the skin between the great and 
seeond toes. 

In the elinie 
Footdrop 

Footdrop is an inability to dorsiflex the foot. Patients 
with footdrop have a eharaeteristie "steppage" gait. As 
the patient walks, the knee of the affeeted limb is 
elevated to an abnormal height during the swing phase 
to prevent the foot from dragging. At the end of the 
swing phase, the foot "slaps" the ground. Also, the 
unaffected limb often acquires a eharaeteristie tiptoe 
pattern of gait during the stanee phase. A typieal cause 
of footdrop is damage to the eommon fibular nerve. 

Other causes include dise protrusion eompressing the 
L5 nerve root, disorders of the seiatie nerve and the 
lumbosacral plexus, and pathologies of the spinal eord 
and brain. 


FOOT 

The foot is the region of the lower limb distal to the ankle 
joint. It is subdivided into the ankle, the metatarsus, and 
the digits. 

There are five digits eonsisting of the medially 
positioned great toe (digit I) and four more laterally 
plaeed digits, ending laterally with the little toe (digit V) 

(Fig. 6.91). 

The foot has a superior surface (dorsum of foot) and 
an inferior surface (sole; Fig. 6.91). 

Abduction and adduction of the toes are defined with 
respeet to the long axis of the seeond digit. Unlike in the 
hand, where the thumb is oriented 90° to the other fingers, 
the great toe is oriented in the same position as the other 
toes. The foot is the body’s point of eontaet with the ground 
and provides a stable platform for upright stanee. It also 
levers the body forward during walking. 
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Fig. 6.91 Foot. A. Dorsal aspeet, right foot. B. Plantar aspeet, right foot, showing the surface in eontaet with the ground when standing. 
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Lower Limb 



Bones 

There are three groups of bones in the foot (Fig. 6.92): 

the seven tarsal bones, which form the skeletal frame- 
workfor the ankle; 

metatarsals (I to V), which are the bones of the meta- 
tarsus; and 

the phalanges, which are the bones of the toes—eaeh 
toe has three phalanges, except for the great toe, which 
has two. 


Tarsal bones 

The tarsal bones are arranged in a proximal group and a 
distal group with an intermediate bone between the two 
groups on the medial side of the foot (Fig. 6.92A). 

Proximal group 

The proximal group eonsists of two large bones, the talus 
(Latin for “ankle”) and the calcaneus (Latin for “heeF’): 
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Fig. 6.92 Bones of the foot. A. Dorsal view, right foot. B. Lateral view, right foot. 
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The talus is the most siiperior bone of the foot and sits 
on top of and is supported by the calcaneus (Fig. 
6.92B) —it articulates above with the tibia and fibula to 
form the ankle joint and also projeets forward to articu- 
late with the intermediate tarsal bone (navicular) on the 
medial side of the foot. 

The calcaneus is the largest of the tarsal bones— 
posteriorly it forms the bony framework of the heel and 
anteriorly it projeets forward to articulate with one of 
the distal group of tarsal bones (cuboid) on the lateral 
side of the foot. 

Talus 

The talus, when viewed from the medial or lateral sides, is 
snail shaped (Fig. 6.93A,B). It has a rounded head, which 
is projeeted forward and medially at the end of a short 
broad neek, whichis eonneetedposteriorly to an expanded 
body. 

Anteriorly, the head of the talus is domed for articula- 
tion with a eorresponding circular depression on the pos- 
terior surface of the navicular bone. Inferiorly, this domed 
articular surface is continuous with an additional three 
articular faeets separated by smooth ridges: 

The anterior and middle faeets articulate with adjaeent 
surfaces on the calcaneus bone. 

The other faeet, medial to the faeets for articulation with 
the calcaneus, articulates with a ligament—the plantar 
calcaneonavicular ligament (spring ligament)—which 
eonneets the calcaneus to the navicular under the head 
of the talus. 


The neek of the talus is marked by a deep groove (the 
sulcus tali), which passes obliquely forward aeross the 
inferior surface from medial to lateral, and expands dra- 
matieally on the lateral side. Posterior to the sulcus tali is 
a large faeet (posterior ealeaneal surface) for articulation 
with the calcaneus. 

The superior aspeet of the body of the talus is elevated 
to fit into the soeket formed by the distal ends of the tibia 
and fibula to form the ankle joint: 

■ The upper (troehlear) surface of this elevated region 
articulates with the inferior end of the tibia. 

■ The medial surface articulates with the medial malleo- 
lus of the tibia. 

■ The lateral surface articulates with the lateral malleolus 
of the fibula. 

Because the lateral malleolus is larger and projeets more 
inferiorly than the medial malleolus at the ankle joint, the 
eorresponding lateral articular surface on the talus is 
larger and projeets more inferiorly than the medial surface. 

The lower part of the lateral surface of the body of the 
talus, which supports the lower part of the faeet for articu- 
lation with the fibula, forms a bony projeetion (the lateral 
proeess). 

The inferior surface of the body of the talus has a large 
oval eoneave faeet (the posterior ealeaneal articular 
faeet) for articulation with the calcaneus. 

The posterior aspeet of the body of the talus eonsists of 
a backward and medially faeing projeetion (the posterior 
proeess). The posterior proeess is marked on its surface by 
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Fig. 6.93 Talus. A. Medial view. B. Inferior view. 
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a lateral tubercle and a medial tubercle, which braeket 
between them the groove for the tendon of the flexor 
hallucis longus as it passes from the leg into the foot. 

Calcaneus 

The calcaneus sits under and supports the talus. It is an 
elongate, irregular, box-shaped bone with its long axis gen- 
erally oriented along the midline of the foot, but deviating 
lateral to the midline anteriorly (Fig. 6.94). 

The calcaneus projeets behind the ankle joint to form 
the skeletal framework of the heel. The posterior surface of 
this heel region is circular and divided into upper, middle, 
and lower parts. The ealeaneal tendon (Aehilles tendon) 
attaehes to the middle part: 

■ The upper part is separated from the ealeaneal tendon 
by a bursa. 

The lower part curves forward, is eovered by subcutane- 
ous tissue, is the weight-bearing region of the heel, and 
is continuous onto the plantar surface of the bone as the 

ealeaneal tuberosity. 

The ealeaneal tuberosity projeets forward on the plantar 
surface as a large medial proeess and a small lateral proeess 
separated from eaeh other by a V-shaped noteh (Fig. 
6.94B). At the anterior end of the plantar surface is a 


tubercle (the ealeaneal tubercle) for the posterior attaeh- 
ment of the short plantar ligament of the sole of the foot. 

The lateral surface of the calcaneus has a smooth 
contour except for two slightly raised regions (Fig. 6.94C). 
One of these raised areas—the fibular troehlea (peroneal 
tubercle)—is anterior to the middle of the surface and 
often has two shallow grooves, which pass, one above the 
other, obliquely aeross its surface. The tendons of the fibu- 
laris brevis and longus muscles are bound to the troehlea 
as they pass over the lateral side of the calcaneus. 

Superior and posterior to the fibular troehlea is a seeond 
raised area or tuberclefor attaehment of the calcaneofibu- 
lar part of the lateral eollateral ligament of the ankle joint. 

The medial surface of the calcaneus is eoneave and has 
one prominent feature assoeiated with its upper margin 
(the sustentaculum tali; Fig. 6.94A), which is a shelf of 
bone projeeting medially and supporting the more poste- 
rior part of the head of the talus. 

The underside of the sustentaculum tali has a distinet 
groove mnning fromposterior to anterior and along which 
the tendon of the flexor hallucis longus muscle travels into 
the sole of the foot. 

The superior surface of the sustentaculum tali has 
a faeet (middle talar articular surface) for articulation 
with the eorresponding middle faeet on the head of 
the talus. 
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Fig. 6.94 Calcaneus. A. Superior view. B. Inferior view. C. Lateral view. 
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Anterior and posterior talar articular surfaces are 

on the superior surface of the calcaneus itself (Fig. 6.94A): 

The anterior talar articular surface is small and articu- 
lates with the eorresponding anterior faeet on the head 
of the talus. 

The posterior talar articular surface is large and is 
approximately near the middle of the superior surface 
of the calcaneus. 

Between the posterior talar articular surface, which 
articulates with the body of the talus, and the other two 
articular surfaces, which articulate with the head of 
the talus, is a deep groove (the ealeaneal sulcus; Fig. 

6.94A,C). 

The ealeaneal sulcus on the superior surface of the eal- 
caneus and the sulcus tali on the inferior surface of the 
talus together form the tarsal sinus, which is a large gap 
between the anterior ends of the calcaneus and talus that 
is visible when the skeleton of the foot is viewed from its 
lateral aspeet (Fig. 6.95). 

Intermediate tarsal bone 

The intermediate tarsal bone on the medial side of the foot 
is the navicular (boat shaped) (Fig. 6.92). This bone artie- 
ulates behind with the talus and articulates in front and on 
the lateral side with the distal group of tarsal bones. 

One distinetive feature of the navicular is a prominent 
rounded tuberosity for the attaehment of the tibialis pos- 
terior tendon, which projeets inferiorly on the medial side 
of the plantar surface of the bone. 

Distal group 

From lateral to medial, the distal group of tarsal bones 
eonsists of (Fig. 6.92): 

The cuboid (Greek for U cube”), which articulates pos- 
teriorly with the calcaneus, medially with the lateral 
cuneiform, and anteriorly with the bases of the lateral 
two metatarsals—the tendon of the fibularis longus 
muscle lies in a prominent groove on the anterior 
plantar surface, which passes obliquely forward aeross 
the bone from lateral to medial. 

Three cuneiforms (Latin for ‘ wedge”)—the lateral, 
intermediate, and medial cuneiform bones, in addi- 
tion to articulating with eaeh other, articulate posteri- 
orly with the navicular bone and anteriorly with the 
bases of the medial three metatarsals. 

Metatarsals 

There are five metatarsals in the foot, mimbered I to V from 
medialto lateral (Fig. 6.96). Metatarsal I, assoeiated with 



Fig. 6.95 Tarsal sinus. Lateral view, right foot. 
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Fig. 6.96 Metatarsals and phalanges. Dorsal view. 


the great toe, is shortest and thiekest. The seeond is the 
longest. 

Eaeh metatarsal has a head at the distal end, an elon- 
gate shaft in the middle, and a proximal base. 

The head of eaeh metatarsal articulates with the proxi- 
mal phalanx of a toe and the base articulates with one or 
more of the distal group of tarsal bones. The plantar 637 
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surface of the head of metatarsal I also artieiilates with 
two sesamoid bones. 

The sides of the bases of metatarsals II to V also articu- 
late with eaeh other. The lateral side of the base of meta- 
tarsal V has a prominent tuberosity, which projeets 
posteriorly and is the attaehment site for the tendon of the 
fìbularis brevis imisele. 

Phalanges 

The phalanges are the bones of the toes (Fig. 6.96). Eaeh 
toe has three phalanges (proximal, middle, and distal), 
except for the great toe, which has only two (proximal 
and distal). 

Eaeh phalanx eonsists of a base, a shaft, and a distal 

head: 

The base of eaeh proximal phalanx articulates with the 
head of the related metatarsal. 

The head of eaeh distal phalanx is nonarticular and 
flattened into a ereseent-shaped plantar tuberosity 
under the plantar pad at the end of the digit. 

In eaeh toe, the total length of the phalanges eombined 
is much shorter than the length of the assoeiated 
metatarsal. 


Joints 
Ankle joint 

The ankle joint is synovial in type and involves the 
talus of the foot and the tibia and fìbula of the leg 

(Fig. 6.97). 

The ankle joint mainly allows hinge-like dorsiflexion 
and plantarflexion of the foot on the leg. 

The distal end of the fìbula is fìrmly anehored to the 
larger distal end of the tibia by strong ligaments. Together, 
the fìbula and tibia ereate a deep braeket-shaped soeket for 
the upper expanded part of the body of the talus: 

■ The roof of the soeket is formed by the inferior surface 
of the distal end of the tibia. 

■ The medial side of the soeket is formed by the medial 
malleolus of the tibia. 

The longer lateral side of the soeket is formed by the 
lateral malleolus of the fìbula. 

The articular surfaces are eovered by hyaline eartilage. 
The articular part of the talus is shaped like a short half- 
eylinder tipped onto its flat side with one end faeing lateral 
and the other end faeing medial. The curved upper surface 
of the half-eylinder and the two ends are eovered by hyaline 


ln the elinie 


Fracture of the talus 

The talus is an unusual bone because it ossifìes from a 
single primary ossifieation eenter, which initially appears 
in the neek. The posterior aspeet of the talus appears to 
ossify last, normally after puberty. In up to 50% of people 
there is a small aeeessory ossiele (the os trigonum) 
posterior to the lateral tubercle of the posterior proeess. 
Articular eartilage eovers approximately 60% of the talar 
surface and there are no direet tendon or muscle 
attaehments to the bone. 

One of the problems with fractures of the talus is that 
the blood supply to the bone is vulnerable to damage. 
The main blood supply to the bone enters the talus 
through the tarsal eanal from a braneh of the posterior 
tibial artery. This vessel supplies most of the neek and 
the body ofthe talus. Branehes ofthe dorsalis pedis 


artery enter the superior aspeet of the talar neek and 
supply the dorsal portion of the head and neek, and 
branehes from the fibular artery supply a small portion 
of the lateral talus. 

Fractures of the neek of the talus often interrupt the 
blood supply to the talus, so making the body and 
posterior aspeet of the talus susceptible to osteoneerosis, 
which may in turn lead to premature osteoarthritis and 
require extensive surgery. 

Midfoot fractures 

Fractures of the midfoot are uncommon. They usually 
occur when heavy weights have been dropped onto the 
feet or when the feet have been run over by a vehiele. 
Plain radiographs are usually sufficient to demonstrate 
disloeations and fractures. 
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Fig. 6.97 Ankle joint. A. Anterior view with f oot plantarflexed. B. Sehematie of joint. C. Superior view of the talus to show the shape of the 
articular surface. 


eartilage and fìt into the braeket-shaped soeket formed by 
the distal ends of the tibia and fibula. 

When viewed from above, the articular surface of the 
talus is much wider anteriorly than it is posteriorly. As a 
result, the bone fits tighter into its soeket when the foot is 
dorsiflexed and the wider surface of the talus moves into 
the ankle joint than when the foot is plantarflexed and the 
narrower part of the talus is in the joint. The joint is there- 
fore most stable when the foot is dorsiflexed. 

The articular eavity is enelosed by a synovial mem- 
brane, which attaehes around the margins of the articular 
surfaces, and by a fibrous membrane, which eovers the 
synovial membrane and is also attaehed to the adjaeent 
bones. 

The ankle joint is stabilized by medial (deltoid) and 

lateral ligaments. 

Medial ligament (deltoid ligament) 

The medial (deltoid) ligament is large, strong (Fig. 6.98), 
and triangular in shape. Its apex is attaehed above to the 
medial malleolus and its broad base is attaehed below to a 
line that extends from the tuberosity of the navicular bone 
in front to the medial tubercle of the talus behind. 

The medial ligament is subdivided into four parts based 
on the inferior points of attaehment: 
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Fig.6.98 Medial ligament of the ankle joint. 
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The part that attaehes in front to the tuberosity of the 
navicular and the assoeiated margin of the plantar eal- 
caneonavicular ligament (spring ligament), which eon- 
neets the navicular bone to the sustentaculum tali of 
the calcaneus bone behind, is the tibionavicular part 
of the medial ligament. 

The tibioealeaneal part, which is more eentral, 
attaehes to the sustentaculum tali of the calcaneus 
bone. 

The posterior tibiotalar part attaehes to the medial 
side and medial tubercle of the talus. 

The fourth part (the anterior tibiotalar part) is deep 
to the tibionavicular and tibioealeaneal parts of the 
medial ligament and attaehes to the medial surface of 
the talus. 


Lateral ligament 

The lateral ligament of the ankle is eomposed of three 
separate ligaments, the anterior talofibular ligament, the 
posterior talofibular ligament, and the calcaneofibular 
ligament (Fig. 6.99): 
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Fig. 6.99 Lateral ligament of the ankle joint. A. Lateral view. 
B. Posterior view. 


The anterior talofìbular ligament is a short liga- 
ment, and attaehes the anterior margin of the lateral 
malleolus to the adjaeent region of the talus. 

The posterior talofìbular ligament runs horizontally 
backward and medially from the malleolar fossa on the 
medial side of the lateral malleolus to the posterior 
proeess of the talus. 

The calcaneofibular ligament is attaehed above to 
the malleolar fossa on the posteromedial side of the 
lateral malleolus and passes posteroinferiorly to attaeh 
below to a tubercle on the lateral surface of the 
calcaneus. 

Intertarsal joints 

The numerous synovial joints between the individual 
tarsal bones mainly invert, evert, supinate, and pronate 
the foot: 

■ Inversion and eversion is turning the whole sole of the 
foot inward and outward, respeetively. 

Pronation is rotating the front of the foot laterally rela- 
tive to the baek of the foot, and supination is the reverse 
movement. 

Pronation and supination allow the foot to maintain 
normal eontaet with the ground when in different stanees 
or when standing on irregular surfaces. 

The major joints at which movements occur include the 
subtalar, talocalcaneonavicular, and calcaneocuboid joints 
(Fig. 6.100). The talocalcaneonavicular and calcaneocu- 
boid joints together form what is often referred to as the 
transverse tarsal joint. 

Intertarsal joints between the cuneiforms and between 
the cuneiforms and the navicular allow only limited 
movement. 

The joint between the cuboid and navicular is normally 
fibrous. 
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Fig. 6.100 Intertarsal joints. 


In the elinie 

Ankle fractures 

An appreeiation of ankle anatomy is essential to 
understand the wide variety of fractures that may occur at 
and around the ankle joint. 

The ankle joint and related structures ean be regarded 
as a fibro-osseous ring oriented in the eoronal plane. 

■ The upper part of the ring is formed by the joint 
between the distal ends of the fibula and tibia and 
by the ankle joint itself. 

■ The sides of the ring are formed by the ligaments 
that eonneet the medial malleolus and lateral 
malleolus to the adjaeent tarsal bones. 

■ The bottom of the ring is not part of the ankle joint, 
but eonsists of the subtalar joint and the assoeiated 
ligaments. 

Visualizing the ankle joint and surrounding structures 
as a fibro-osseous ring allows the physieian to prediet the 
type of damage likely to result from a particular type of 


injury. For example, an inversion injury may fracture the 
medial malleolus and tear ligaments anehoring the lateral 
malleolus to the tarsal bones. 

The ring may be dismpted not only by damage to the 
bones (which produces fractures) 7 but also by damage to 
the ligaments. Llnlike bone fractures, damage to ligaments 
is unlikely to be appreeiated on plain radiographs. When a 
fracture is noted on a plain radiograph, the physieian must 
always be aware that there may also be appreeiable 
ligamentous disruption. 

Ottawa Ankle Rules 

The Ottawa ankle rules were developed to assist elinieians 
in deeiding whether patients with acute ankle injuries 
require investigation with radiographs in order to avoid 
unnecessary studies. Named after the hospital where they 
were developed, the rules are highly sensitive and have 
reduced the utilization of unwarranted ankle radiographs 
sinee their implementation. 

(continues) 
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ln the elinie—eont'd 

An ankle x-ray series is required if there is ankle pain 
and any of the follovving: 

■ Bone tenderness along the distal 6 em of the 
posterior tibia or tip of the medial malleolus 

■ Bone tenderness along the distal 6 em of the 
posterior fibula or tip of the lateral malleolus 

■ Inability to bear vveight for four steps both 
immediately after the injury and in the emergeney 
department 


A foot x-ray series is required if there is midfoot pain 
and any of the follovving: 

■ Bone tenderness at the base of the fìfth metatarsal 
bone 

■ Bone tenderness at the navicular bone 

■ Inability to bear vveight for four steps both 
immediately after the injury and in the emergeney 
department 


Subtalar joint 

The subtalar joint is between: 

the large posterior ealeaneal faeet on the inferior surface 
of the talus, and 

■ the eorresponding posterior talar faeet on the superior 
surface of the calcaneus. 

The articular eavity is enelosed by synovial membrane, 
which is eovered by a fìbrous membrane. 

The subtalar joint allows gliding and rotation, 
which are involved in inversion and eversion of the 
foot. Lateral, medial, posterior, and interosseous 
taloealeaneal ligaments stabilize the joint. The interos- 
seous taloealeaneal ligament lies in the tarsal sinus 

(Fig. 6.101). 

Talocalcaneonavicular joint 

The talocalcaneonavicular joint is a complex joint in 
which the head of the talus articulates with the calcaneus 
and plantar calcaneonavicular ligament (spring ligament) 
below and the navicular in front (Fig. 6.102A). 

The talocalcaneonavicular joint allows gliding and rota- 
tion movements, which together with similar movements 
of the subtalar joint are involved with inversion and ever- 
sion of the foot. It also partieipates in pronation and 
supination. 

The parts of the talocalcaneonavicular joint between 
the talus and calcaneus are: 

the anterior and middle ealeaneal faeets on the inferior 
surface of the talar head, and 

the eorresponding anterior and middle talar faeets on 
the superior surface and sustentaculum tali, respee- 
tively, of the calcaneus (Fig. 6.102B). 
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Fig. 6.101 lnterosseous taloealeaneal ligament. Lateral view. 


the ligament and the medial faeet on the inferior surface of 
the talar head. 

The joint between the navicular and talus is the largest 
part of the talocalcaneonavicular joint and is between the 
ovoid anterior end of the talar head and the eorresponding 
eoneave posterior surface of the navicular. 

Ligaments 

The capsule of the talocalcaneonavicular joint, which is a 
synovial joint, is reinforeed: 

posteriorly by the interosseous taloealeaneal ligament, 
superiorly by the talonavicular ligament, which 
passes between the neek of the talus and adjaeent 
regions of the navicular, and 

inferiorly by the plantar calcaneonavicular ligament 
(spring ligament) (Fig. 6.102C,D). 


The part of the joint between the talus and the plantar 
642 calcaneonavicular ligament (spring ligament) is between 


The lateral part of the talocalcaneonavicular joint is 
reinforeed by the calcaneonavicular part of the bifurcate 
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Fig. 6.102 Talocalcaneonavicular joint. A. Medial view, right foot. B. Superior view, right foot, talus removed. C. Ligaments, medial view, 
right foot. D. Ligaments, lateral view, right foot. 


ligament, which is a Y-shaped ligament superior to the 
joint. The base of the bifurcate ligament is attaehed to the 
anterior aspeet of the superior surface of the calcaneus 
and its arms are attaehed to: 

the dorsomedial surface of the cuboid (calcaneocu- 
boid ligament), and 


the dorsolateral part of the navicular (ealeaneona- 
vicular ligament). 

The plantar calcaneonavicular ligament (spring 
ligament) is a broad thiek ligament that spans the spaee 
between the sustentaculum tali behind and the navicular 

bone in front (Fig. 6.102B,C). It supports the head of the 643 
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talus, takes part in the taloealeaneonavieiilar joint, and 
resists depression of the medial areh of the foot. 

Calcaneocuboid joint 

The calcaneocuboid joint is a synovial joint between: 


joint, but also assists the long plantar ligament in resisting 
depression of the lateral areh of the foot. 

The long plantar ligament is the longest ligament in 
the sole of the foot and lies inferior to the plantar ealeaneo- 
cuboid ligament (Fig. 6.103B): 


the faeet on the anterior surface of the calcaneus, and 
the eorresponding faeet on the posterior surface of the 
cuboid. 

The calcaneocuboid joint allows sliding and rotating 
movements involved with inversion and eversion of the 
foot, and also contributes to pronation and supination of 
the forefoot on the hindfoot. 

Ligaments 

The calcaneocuboid joint is reinforeed by the bifurcate 
ligament (see above) and by the long plantar ligament 
and the plantar calcaneocuboid ligament (short plantar 
ligament). 

The plantar calcaneocuboid ligament (short plantar 
ligament) is short, wide, and very strong, and eonneets 
the ealeaneal tubercle to the inferior surface of the cuboid 
(Fig. 6.103A). It not only supports the calcaneocuboid 
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Fig. 6.103 Plantar ligaments. A. Plantar calcaneocuboid ligament 
(short plantar ligament). B. Long plantar ligament. 


Posteriorly, it attaehes to the inferior surface of the eal- 
caneus between the tuberosity and the ealeaneal 
tubercle. 

Anteriorly, it attaehes to a broad ridge and a tubercle on 
the inferior surface of the cuboid bone behind the groove 
for the fibularis longus tendon. 

More superficial fibers of the long plantar ligament 
extend to the bases of the metatarsal bones. 

The long plantar ligament supports the calcaneocuboid 
joint and is the strongest ligament, resisting depression of 
the lateral areh of the foot. 

Tarsometatarsal joints 

The tarsometatarsal joints between the metatarsal 
bones and adjaeent tarsal bones are plane joints and allow 
limited sliding movements (Fig. 6.104). 
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Fig. 6.104 Tarsometatarsal, metatarsophalangeal, and 
interphalangeal joints, and the deep transverse metatarsal 
ligaments. 
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The range of movement of the tarsometatarsal joint 
between the metatarsal of the great toe and the medial 
cuneiform is greater than that of the other tarsometatarsal 
joints and allows flexion, extension, and rotation. The tar- 
sometatarsal joints, with the transverse tarsal joint, take 
part in pronation and supination of the foot. 

Metatarsophalangeal joints 

The metatarsophalangeal joints are ellipsoid synovial 
joints between the sphere-shaped heads of the metatarsals 
and the eorresponding bases of the proximal phalanges of 
the digits. 

The metatarsophalangeal joints allow extension and 
flexion, and limited abduction, adduction, rotation, and 
circumduction. 

The joint capsules are reinforeed by medial and lateral 
eollateral ligaments, and by plantar ligaments, which 
have grooves on their plantar surfaces for the long tendons 
of the digits (Fig. 6.104). 


Deep transverse metatarsal ligaments 

Four deep transverse metatarsal ligaments link the 
heads of the metatarsals together and enable the metatar- 
sals to aet as a single unifìed structure (Fig. 6.104). The 
ligaments blend with the plantar ligaments of the adjaeent 
metatarsophalangeal joints. 

The metatarsal of the great toe is oriented in the same 
plane as the metatarsals of the other toes and is linked to 
the metatarsal of the seeond toe by a deep transverse meta- 
tarsal ligament. In addition, the joint between the metatar- 
sal of the great toe and medial cuneiform has a limited 
range of motion. The great toe therefore has a very 
restrieted independent function—unlike the thumb in the 
hand, where the metaearpal is oriented 90° to the meta- 
earpals of the fìngers, there is no deep transverse metaear- 
pal ligament between the metaearpals of the thumb and 
index fìnger, and the joint between the metaearpal and 
earpal bone allows a wide range of motion. 


In the elinie 

Bunions 

A bunion occurs on the medial aspeet of the first 
metatarsophalangeal joint. This is an extremely important 
area of the foot because it is erossed by tendons and 
ligaments, which transmit and distribute the body's 
weight during movement. It is postulated that abnormal 
stresses in this region of the joint may produce the bunion 
deformity. 

dinieally, a bunion is a signifieant protuberance of 
bone that may include softtissue around the medial 
aspeet of the first metatarsophalangeal joint. As it 
progresses, the toe appears to move toward the 
smallertoes, producing crowding of the digits. 


This deformity tends to occur among people who wear 
high-heeled or pointed shoes, but osteoporosis and a 
hereditary predisposition are also riskfaetors. 

Typieally the patient's symptoms are pain, swelling, 
and inflammation. The bunion tends to enlarge and may 
cause problems in obtaining appropriate footwear. 

Initial treatment is by adding padding to shoes, 
ehanging the type of footwear used 7 and taking anti- 
inflammatory drugs. Some patients may need surgery to 
eorreet the deformity and realign the toe. 
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Interphalangeal joints 

The interphalangeal joints are hinge joints that allow 
mainly flexion and extension. They are reinforeed by medial 
and lateral eollateral ligaments and by plantar liga- 
ments (Fig. 6.104). 

Tarsal tunnel, retinacula, and arrangement 
of major structures at the ankle 

The tarsal tunnel is formed on the posteromedial side of 
the ankle by: 

■ a depression f ormed by the medial malleolus of the tibia, 
the medial and posterior surfaces of the talus, the medial 
surface of the calcaneus, and theinferiorsurface of the 
sustentaculum tali of the calcaneus; and 
an overlying flexor retinaculum (Fig. 6.105). 

Flexor retinaculum 

The flexor retinaculum is a strap-like layer of eonneetive 
tissue that spans the bony depression formed by the medial 
malleolus, the medial and posterior surfaces of the talus, 
the medial surface of the calcaneus, and the inferior 
surface of the sustentaculum tali (Fig. 6.105). It attaehes 
above to the medial malleolus and below and behind to the 
inferomedial margin of the calcaneus. 


The retinaculum is continuous above with the deep 
faseia of the leg and below with the deep faseia (plantar 
aponeurosis) of the foot. 

Septa from the flexor retinaculum eonvert grooves on 
the bones into tubular eonneetive tissue ehannels for the 
tendons of the flexor muscles as they pass into the sole of 
the foot from the posterior eompartment of the leg (Fig. 
6.105). Free movement of the tendons in the ehannels is 
faeilitated by synovial sheaths, which surround the 
tendons. 

Two eompartments on the posterior surface of the 
medial malleolus are for the tendons of the tibialis poste- 
rior and flexor digitorum longus imiseles. The tendon of 
the tibialis posterior is medial to the tendon of the flexor 
digitomm longus. 

Immediately lateral to the tendons of the tibialis poste- 
rior and flexor digitorum longus, the posterior tibial artery 
with its assoeiated veins and the tibial nerve pass through 
the tarsal tunnel into the sole of the foot. The pulse of the 
posterior tibial artery ean be felt through the flexor reti- 
naculum midway between the medial malleolus and the 
calcaneus. 

Lateral to the tibial nerve is the eompartment on the 
posterior surface of the talus and the undersurface of the 
sustentaculum tali for the tendon of the flexor hallucis 
longus muscle. 


Tibia 


Tendon of flexor 
digitorum longus 




nerve 


Tarsat tunnet 


Tendon of flexor 
hallucis longus 


Pulse of post-tibial artery 
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Flexor retinaculum 
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Fig. 6.105 Tarsal tunnel and flexor retinaculum. Posteromedial view. A. Bones. B. Tarsal tunnel and flexor retinaculum. 
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Extensor retinacula 

Two extensor retinacula strap the tendons of the extensor 
muscles to the ankle region and prevent tendon bowing 
during extension of the foot and toes (Fig. 6.106): 

A superior extensor retinaculum is a thiekening of 
deep faseia in the distal leg just superior to the ankle 
joint and attaehed to the anterior borders of the fibula 
and tibia. 

An inferior retinaculum is Y-shaped, attaehed by its 
base to the lateral side of the upper surface of the eal- 
caneus, and erosses medially over the foot to attaeh by 
one of its arms to the medial malleolus, whereas the 
other arm wraps medially around the foot and attaehes 
to the medial side of the plantar aponeurosis. 


Anterior tibial artery 


Superior extensor 

retinaculum 


Inferior extensor 
retinaculum 


Extensor 
digitorum longus 

Fibularis tertius 


Tendon of extensor 
hallucis longus 



Tendon of 



Dorsalis 
pedis artery 


First dorsal 

interosseous 

muscle 


Fig. 6.106 Extensor retinacula. 


The tendons of the extensor digitorum longus and fibu- 
laris tertius pass through a eompartment on the lateral 
side of the proximal foot. Medial to these tendons, the dor- 
salis pedis artery (terminal braneh of the anterior tibial 
artery), the tendon of the extensor hallucis longus muscle, 
and finally the tendon of the tibialis anterior muscle pass 
under the extensor retinacula. 

Fibiilar retinacula 

Fibular (peroneal) retinacula bind the tendons of the fibu- 
laris longus and fibularis brevis muscles to the lateral side 
of the foot (Fig. 6.107): 

■ A superior fìbular retinaculum extends between the 
lateral malleolus and the calcaneus. 

■ An inferior fíbular retinaculum attaehes to the 
lateral surface of the calcaneus around the fibular 
troehlea and blends above with the fibers of the inferior 
extensor retinaculum. 

At the fibular troehlea, a septum separates the eompart- 
ment for the tendon of the fibularis brevis muscle above 
from that for the fibularis longus below. 


Tendons of fibiilaris longus and 
brevis muscles 



Inferior fibular retinaculum 
(at fibular troehlea on calcaneus) 


Superior fibular retinaculum 
Fig. 6.107 Fibular retinacula. Lateral view, right foot. 
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Arehes of the foot 

The bones of the foot do not lie in a horizontal plane. 
Instead, they form longitudinal and transverse arehes rela- 
tive to the ground (Fig. 6.108), which absorb and distribute 
downward forees from the body during standing and 
moving on different surfaces. 

Longitudinal areh 

The longitudinal areh of the foot is formed between the 
posterior end of the calcaneus and the heads of the meta- 
tarsals (Fig. 6.108A). It is highest on the medial side, where 
it forms the medial part of the longitudinal areh, and 
lowest on the lateral side, where it forms the lateral part. 

Transverse areh 

The transverse areh of the foot is highest in a eoronal plane 
that cuts through the head of the talus and disappears 
near the heads of the metatarsals, where these bones are 
held together by the deep transverse metatarsal ligaments 

(Fig. 6.108B). 

Ligament and muscle support 

Ligaments and muscles support the arehes of the foot 

(Fig. 6.109): 

Ligaments that support the arehes include the plantar 
calcaneonavicular (spring ligament), plantar ealeaneo- 
cuboid (short plantar ligament), and long plantar liga- 
ments, and the plantar aponeurosis. 




B Transverse areh 


Fig. 6.108 Arehes of the foot. A. Longitudinal arehes, right foot. 
B. Transverse areh, left foot. 


Plantar calcaneonavicular ligament 


Tibialis anterior and 
posterior tendons 



Short plantar ligament 


A 


Plantar aponeyrosis 


Long plantar ligament 



Fibularis longus 
tendon 


Fig. 6.109 Support for arehes of the foot. A. Ligaments. Medial view, right foot. B. Cross seetion through the foot to show tendons of 
muscles supporting the arehes. 
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Muscles that provide dynamie support for the arehes 
during walking include the tibialis anterior and poste- 
rior and the fibularis longus. 


Plantar aponeurosis 

The plantar aponeurosis is a thiekening of deep faseia in 
thesoleof thefoot (Fig. 6.110). Itis firmly anehored to the 
medial proeess of the ealeaneal tuberosity and extends 
forward as a thiek band of longitudinally arranged eonnee- 
tive tissue fibers. The fibers diverge as they pass anteriorly 
and form digital bands, which enter the toes and eonneet 
with bones, ligaments, and dermis of the skin. 

Distal to the metatarsophalangeal joints, the digital 
bands of the plantar aponeurosis are intereonneeted by 
transverse fibers, which form superficial transverse meta- 
tarsal ligaments. 

The plantar aponeurosis supports the longitudinal areh 
of the foot and proteets deeper structures in the sole. 



Superficial transverse 
metatarsal ìigaments 


Anterior arm of inferior 
extensor retinaculum 



Medial proeess of 
ealeaneal tuberosity 


Fig. 6.110 Plantar aponeurosis. 


Fibrous sheaths of toes 

The tendons of the flexor digitoram longus, flexor digito- 
ram brevis, andflexor hallucis longus muscles enter fibrous 
digital sheaths or tunnels on the plantar aspeet of the 
digits (Fig. 6.111). These fibrous sheaths begin anterior 
to the metatarsophalangeal joints and extend to the 
distal phalanges. They are formed by fibrous arehes and 
eraeiate (eross-shaped) ligaments attaehed posteriorly to 
the margins of the phalanges and to the plantar ligaments 
assoeiated with the metatarsophalangeal and interphalan- 
geal joints. 

These fibrous tunnels hold the tendons to the bony 
plane and prevent tendon bowing when the toes are flexed. 



Fibrous digital 
sheaths 


Fibularis 

longus 


Synovial sheath 


Flexor hallucis 
longus tendon 

Flexor digitorum 
brevis tendon 

Flexor digitomm 
longus tendon 


Tibialis anterior 


Tibialis posterior 


Flexor digitorum longus 


Flexor hallucis longus 


Fig. 6.111 Fibrous digital sheaths. 
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Lower Limb 



Within eaeh tunnel, the tendons are surrounded by a syno- 
vial sheath. 

Extensor hoods 

The tendons of the extensor digitorum longus, extensor 
digitorum brevis, and extensor hallucis longus pass into 
the dorsal aspeet of the digits and expand over the proximal 
phalanges to form complex dorsal digital expansions 
(“extensor hoods”) (Fig. 6.112). 

Eaeh extensor hood is triangular in shape with the 
apex attaehed to the distal phalanx, the eentral region 
attaehed to the middle (toes II to V) or proximal (toe I) 
phalanx, and eaeh eorner of the base wrapped around the 
sides of the metatarsophalangeal joint. The eorners of the 
hoods attaeh mainly to the deep transverse metatarsal 
ligaments. 

Many of the intrinsie muscles of the foot insert into the 
free margin of the hood on eaeh side. The attaehment of 
these muscles into the extensor hoods allows the forees 
from these muscles to be distributed over the toes to 
cause flexion of the metatarsophalangeal joints while at 
the same time extending the interphalangeal joints (Fig. 
6.112). The function of these movements in the foot is 
uncertain, but they may prevent overextension of the 


metatarsophalangeal joints and flexion of the interphalan- 
geal joints when the heel is elevated off the ground and the 
toes grip the ground during walking. 

intrinsie musdes 

intrinsie imiseles of the foot originate and insert in the foot: 

the extensor digitorum brevis and extensor hallucis 
brevis on the dorsal aspeet of the foot; 
all other intrinsie muscles—the dorsal and plantar 
interossei, flexor digiti minimi brevis, flexor halhieis 
brevis, f lexor digitomm brevis, quadratus plantae (flexor 
accessorius), abductor digiti minimi, abductor hallucis, 
and himbrieals—are on the plantar side of the foot in 
the sole where they are organized into four layers. 

intrinsie muscles mainly modify the aetions of the long 
tendons and generate fìne movements of the toes. 

All intrinsie imiseles of the foot are innervated by the 
medial and lateral plantar branehes of the tibial nerve 
except for the extensor digitorum brevis, which is inner- 
vated by the deep fìbular nerve. The fìrst two dorsal interos- 
sei also may reeeive part of their innervation from the deep 
fìbular nerve. 


Ist dorsal interosseous muscle 


Extensor tendons 


Extensor hood 


Flexor digitorum longus 



Lombrieal 


Flexion of MTP joi 
prevents overextension 



Deep transverse metatarsal ligament 


Extension of PIP joints prevents overflexion 


650 


Fig. 6.112 Extensor hoods. 
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On the dorsal aspeet 

Extensor digitomm brevis and extensor 
hallucis brevis 

The extensor digitomm brevis is attaehed to a rough- 
ened area on the superolateral surface of the calcaneus 
lateralto the tarsal sinus (Fig. 6.113 and "able 6.10). 

The flat muscle belly passes anteromedially over the 
foot, deep to the tendons of the extensor digitorum longus, 
and forms three tendons, which enter digits II, III, and IV. 
The tendons join the lateral sides of the tendons of the 
extensor digitomm longus. The extensor digitomm brevis 
extends the middle three toes through attaehments to the 
long extensor tendons and extensor hoods. It is innervated 
by the deep fìbular nerve. 

The extensor hallucis brevis originates in conjunc- 
tion with the extensor digitorum brevis. Its tendon attaehes 
to the base of the proximal phalanx of the great toes. The 
imisele extends the metatarsophalangeal joint of the great 
toe and is innervated by the deep fìbular nerve. 

In the sole 

The imiseles in the sole of the foot are organized into four 
layers. From superfìcial to deep, or plantar to dorsal, these 
layers are the fìrst, seeond, third, and fourth layers. 




Extensor 

digitomm 

brevis 



Synovíal 



hallucis brevis 


Extensor 
hallucis longus 


Extensor 

hood 


Fig. 6.113 Extensor digitomm brevis muscle. 


Table 6.10 


Muscles of the dorsal aspeet of the foot (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Extensor digitorum 
brevis 

Superolateral surface of 
the calcaneus 

Lateral sides of the tendons 
of extensor digitomm longus 
of toes II to IV 

Deep fibular nerve 

(S1, S2) 

Extension of toes II to IV 

Extensor hallucis brevis 

Superolateral surface of 
calcaneus 

Base of proximal phalanx of 
great toe 

Deep fibular nerve 

(S1, S2) 

Extension of metatarsophalangeal 
joint of great toe 
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Lower Limb 



First layer 

There are three eomponents in the first layer of muscles, 
which is the mos t superficial of the four layers and is imme- 
diately deep to the plantar aponeurosis (Fig. 6.114 and 
Table 6.11). From medial to lateral, these imiseles are the 
abductor hallucis, flexor digitorum brevis, and abductor 
digiti minimi. 

Abductor hallucis 

The abductor hallucis muscle forms the medial margin 
of the foot and contributes to a soft tissue bulge on the 
medial side of the sole (Fig. 6.114). It originates from the 
medial proeess of the ealeaneal tuberosity and adjaeent 
margins of the flexor retinaculum and plantar aponeuro- 
sis. It forms a tendon that inserts on the medial side of the 
base of the proximal phalanx of the great toe and on 
the medial sesamoid bone assoeiated with the tendon of 
the flexor hallucis brevis muscle. 

The abductor hallucis abducts and flexes the great toe 
at the metatarsophalangeal joint and is innervated by the 
medialplantar braneh of the tibial nerve. 

Flexor digitorum brevis 

The flexor digitomm brevis muscle lies immediately 
superior to the plantar aponeurosis and inferior to the 
tendons of the flexor digitorum longus in the sole of the 
foot (Fig. 6.114). The flat spindle-shaped muscle belly origi- 
nates as a tendon from the medial proeess of the ealeaneal 
tuberosity and from the adjaeent plantar aponeurosis. 

The muscle fibers of the flexor digitomm brevis eon- 
verge anteriorly to form four tendons, which eaeh enter 
one of the lateral four toes. Near the base of the proximal 
phalanx of the toe, eaeh tendon splits to pass dorsally 


Flexor digitorum 
longus tendon 


Synovial sheath 


Fibroas 

digltal 

sheath 



digiti miními 




attaehment 
between 
calcaneus and 
metatarsal V 


Sesamoid 

bone 


Abductor 

hallucis 


Flexor dìgítomm 
brevis 


Cut plantar aponeurosis 



Fig. 6.114 First layer of muscles in the sole of the foot. 


Table 6.11 First layer of muscles in the sole of the foot (spinal segments in bold are the major segments innervating the muscle) 


Muscle Origin 


Insertion 


Innervation 


Function 


Abductor hallucis Medial proeess of ealeaneal 

tuberosity 


Flexor digitomm Medial proeess of ealeaneal 

brevis tuberosity and plantar 

aponeurosis 


Medial side of base of 
proximal phalanx of great toe 

Sides of plantar surface of 
middle phalanges of lateral 
four toes 


Medial plantar nerve Abducts and flexes great 

from the tibial nerve toe at metatarsophalangeal 

(51,52,53) joint 


Medial plantar nerve 
from the tibial nerve 

(51, S2, S3) 


Flexes lateral four toes at 
proximal interphalangeal 
joint 


Abductor digiti 
minimi 


Lateral and medial proeesses of 
ealeaneal tuberosity, and band 
of eonneetive tissue eonneeting 
calcaneus with base of 
metatarsal V 


Lateral side of base of 
proximal phalanx of little toe 


Lateral plantar nerve Abducts little toe at the 
from the tibial nerve metatarsophalangeal joint 

(S1,S2, S3) 
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around eaeh side of the tendon of the flexor digitomm 
longus and attaeh to the margins of the middle phalanx. 

The flexor digitomm brevis flexes the lateral four toes at 
the proximal interphalangeal joints and is innervated by 
the medial plantar braneh of the tibial nerve. 

Abductor digiti minimi 

The abductor digiti minimi muscle is on the lateral side 
of the foot and contributes to the large lateral plantar emi- 
nenee on the sole (Fig. 6.114). It has a broad base of origin, 
mainly from the lateral and medial proeesses of the ealea- 
neal tuberosity and from a fìbrous band of eonneetive 
tissue, which eonneets the calcaneus with the base of 
metatarsal V. 

The abductor digiti minimi forms a tendon, which 
travels in a shallow groove on the plantar surface of the 
base of metatarsal V and continues forward to attaeh to 
the lateral side of the base of the proximal phalanx of the 
little toe. 

The abductor digiti minimi abducts the little toe at the 
metatarsophalangeal joint and is innervated by the lateral 
plantar braneh of the tibial nerve. 

Seeond layer 

The seeond muscle layer in the sole of the foot is assoeiated 
with the tendons of the flexor digitorum longus muscle, 
which pass through this layer, and eonsists of the quadra- 
tus plantae and four lumbrical rmiseles (Fig. 6.115 and 

Table 6.12). 

Quadratus plantae 

The quadratus plantae muscle is a flat quadrangular 
muscle with two heads of origin (Fig. 6.115): 

One of the heads originates from the medial surface of 
the calcaneus inferior to the sustentaculum tali. 
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Fig. 6.115 Seeond layer of muscles in the sole of the foot. 
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The other head originates from the inferior surface of 
the calcaneus anterior to the lateral proeess of the eal- 
eaneal tuberosity and the attaehment of the long 
plantar ligament. 

The quadratus plantae muscle inserts into the lateral 
side of the tendon of the flexor digitorum longus in the 
proximal half of the sole of the foot near where the tendon 
divides. 

The quadratus plantae assists the flexor digitorum 
longus tendon in flexing the toes and may also adjust the 
“line of pull” of this tendon as it enters the sole of the foot 
from the medial side. The muscle is innervated by the 
lateral plantar nerve. 

Lumbricals 

The lumbrical muscles are four worm-like muscles that 
originate from the tendons of the flexor digitorum longus 
and pass dorsally to insert into the free medial margins of 
the extensor hoods of the four lateral toes (Fig. 6.115). 

The fìrst himbrieal originates from the medial side of the 
tendon of the flexor digitorum longus that is assoeiated 
with the seeond toe. The remaining three muscles are 
bipennate and originate from the sides of adjaeent tendons. 

The lumbrical muscles aet through the extensor hoods 
to resist excessive extension of the metatarsophalangeal 
joints and flexion of the interphalangeal joints when the 
heel leaves the ground during walking. 

The fìrst lumbrical is innervated by the medial plantar 
nerve, while the other three are innervated by the lateral 
plantar nerve. 

Third layer 

There are three muscles in the third layer in the sole of the 
foot (Fig. 6.116 and Table 6.13): 


AHHi irtnr halli irie 



Fig. 6.116 Third layer of muscles in the sole of the foot. 


Table 6.12 


Seeond layer of muscles in the sole of the foot (spinal segments in bold are the major segments innervating the rrmsele) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Quadratus 

plantae 

Medial surface of calcaneus and lateral 
proeess of ealeaneal tuberosity 

Lateral side of tendon of 
flexor digitorum longus in 
proximal soleofthefoot 

Lateral plantar nerve from 
tibial nerve (S1, S2, S3) 

Assists flexor digitomm 
longus tendon in flexing 
toes II to V 

Lumbricals 

First lumbrical—medial side of tendon 
offlexor digitomm longus assoeiated 
with toe II; seeond, third, and fourth 
lumbricals—adjaeent surfaces of 
adjaeent tendons of flexor digitorum 
longus 

Medial free margins of 
extensor hoods of toes 

II to V 

First lumbrical—medial 
plantar nerve from the tibial 
nerve; seeond, third, and 
fourth lumbricals—lateral 
plantar nerve from the tibial 
nerve (S2,S3) 

Flexion of 

metatarsophalangeal joint 
and extension of 
interphalangeal joints 
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Two (the flexor hallucis brevis and adductor hallucis) 
are assoeiated with the great toe. 

The third (the flexor digiti minimi brevis) is assoeiated 
with the little toe. 

Flexor hallucis brevis 

The flexor hallucis brevis muscle has two tendinous 
heads of origin (Fig. 6.116): 

The lateral head originates from the plantar surfaces 
of the cuboid, behind the groove for the fibularis longus, 
and adjaeent surface of the lateral cuneiform. 

■ The medial head originates from the tendon of the 
tibialis posterior muscle as it passes into the sole of 
the foot. 

The medial and lateral heads unite and give rise to a 
muscle belly, which itself is separated into medial and 
lateral parts adjaeent to the plantar surface of metatarsal 
I. Eaeh part of the muscle gives rise to a tendon that inserts 
on either the lateral or medial side of the base of the proxi- 
mal phalanx of the great toe. 

A sesamoid bone occurs in eaeh tendon of the flexor 
hallucis brevis as it erosses the plantar surface of the head 
of metatarsal I. The tendon of the flexor hallucis longus 
passes between the sesamoid bones. 

The flexor hallucis brevis flexes the metatarsophalan- 
geal joint of the great toe and is innervated by the medial 
plantar nerve. 

Adductor hallucis 

The adductor hallucis muscle originates by two muscu- 
lar heads, transverse and oblique, which join near their 


ends to insert into the lateral side of the base of the proxi- 
mal phalanx of the great toe (Fig. 6.116): 

The transverse head originates from the plantar liga- 
ments assoeiated with the metatarsophalangeal joints 
of the lateral three toes and from the assoeiated deep 
transverse metatarsal ligaments—the muscle erosses 
the sole of the foot transversely from lateral to medial 
and joins the oblique head near the base of the great toe. 
The oblique head is larger than the transverse head 
and originates from the plantar surfaces of the bases of 
metatarsals II to IV and from the sheath eovering 
the fibularis longus muscle—this head passes anterolat- 
erally through the sole of the foot and joins the trans- 
verse head. 

The tendon of insertion of the adductor hallucis 
attaehes to the lateral sesamoid bone assoeiated with the 
tendon of the flexor hallucis brevis muscle in addition to 
attaehing to the proximal phalanx. 

The adductor halhieis adducts the great toe at the meta- 
tarsophalangeal joint and is innervated by the lateral 
plantar nerve. 

Flexor digiti minimi brevis 

The flexor digiti minimi brevis muscle originates from 
the plantar surface of the base of metatarsal V and adja- 
eent sheath of the fibularis longus tendon (Fig. 6.116). It 
inserts on the lateral side of the base of the proximal 
phalanx of the little toe. 

The flexor digiti minimi brevis flexes the little toe at the 
metatarsophalangeal joint and is innervated by the lateral 
plantar nerve. 


Table 6.13 Third layer of muscles in the sole of the foot (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Flexor hallucis 
brevis 

Plantar surface of cuboid and lateral 
cuneiform; tendon oftibialis 
posterior 

Lateral and medial sides of 
base of proximal phalanx of 
the great toe 

Medial plantar nerve 
from tibial nerve 
(Sl, S2) 

Flexes metatarsophalangeal 
joint of the great toe 

Adductor hallucis 

Transverse head—ligaments 
assoeiated with 

metatarsophalangeal joints of lateral 
three toes; oblique head—bases of 
metatarsals II to IV and from sheath 
eovering fibularis longus 

Lateral side of base of 
proximal phalanx of great toe 

Lateral plantar nerve 
from tibial nerve 

(S2, S3) 

Adducts great toe at 
metatarsophalangeal joint 

Flexor digiti 
minimi brevis 

Base of metatarsal V and related 
sheath of fibularis longus tendon 

Lateral side of base of 
proximal phalanx of little toe 

Lateral plantar nerve 
from tibial nerve 

(S2, S3) 

Flexes little toe at 
metatarsophalangeal joint 
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Foiirth layer 

There are two muscle groups in the deepest muscle layer 
in the sole of the foot, the dorsal and plantar interossei 

(Fig. 6.117 and 'able6.14). 

Dorsal interossei 

The four dorsal interossei are the most superior muscles 
in the sole of the foot and abduct the seeond to fourth toes 
relative to the long axis through the seeond toe (Fig. 6.11 7) . 
All four muscles are bipennate and originate from the sides 
of adjaeent metatarsals. 

The tendons of the dorsal interossei insert into the free 
margin of the extensor hoods and base of the proximal 
phalanges of the toes. 

The seeond toe ean be abducted to either side of its long 
axis, so it has two dorsal interossei assoeiated with it, one 
on eaeh side. The third and fourth toes have a dorsal inter- 
osseous muscle on their lateral sides only. The great and 
little toes have their own abductors (the abductor hallucis 
and abductor digiti minimi) in the fìrst layer of muscles in 
the sole of the foot. 

In addition to abduction, the dorsal interossei aet 
through the extensor hoods to resist extension of the 
metatarsophalangeal joints and flexion of the interphalan- 
geal joints. 

The dorsal interossei are innervated by the lateral 
plantar nerve. The fìrst and seeond dorsal interossei also 
reeeive branehes on their superior surfaces from the deep 
fìbular nerve. 

Plantar interossei 

The three plantar interossei adduct the third, fourth, 
and little toes toward the long axis through the seeond toe 

(Fig. 6.117). 

Eaeh plantar interosseous muscle originates from the 
medial side of its assoeiated metatarsal and inserts into 


Abduct (dorsal interossei) 


Adduct (plantar interossei) 


Deep transverse 
metatarsal ligaments 


Plantar ligaments 


Tbìrd plantar 
interosseous 


First dorsal 
interosseous 



Fig. 6.117 Fourth layer of muscles in the sole of the foot. 


Table 6.14 Fourth layer of muscles in the sole of the foot (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Dorsal interossei 

Sides of adjaeent 
metatarsals 

Extensor hoods and bases 
of proximal phalanges of 
toes II to IV 

Lateral plantar nerve from 
tibial nerve;first and seeond 
dorsal interossei also 
innervated by deep fibular 
nerve (S2, S3) 

Abduction of toes II to IV at 
metatarsophalangeal joints; resist 
extension of metatarsophalangeal 
joints and flexion of interphalangeal 
joints 

Plantar interossei 

Medial sides of 
metatarsals of toes 

III toV 

Extensor hoods and bases 
of proximal phalanges of 
toes III to V 

Lateral plantar nerve from 
tibial nerve (S2, S3) 

Adduction of toes III to V at 
metatarsophalangeal joints; resist 
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the medial free margin of the extensor hood and base of 
the proximal phalanx. 

The great toe has its own adductor (the adductor hal- 
lucis) in the third layer of muscles in the sole of the foot 
and the seeond toe is adducted baek to its longitudinal axis 
by using one of its dorsal interossei. 

In addition to adduction, the plantar interossei aet 
through the extensor hoods to resist extension of the meta- 
tarsophalangeal joints and flexion of the interphalangeal 
joints. All are innervated by the lateral plantar nerve. 


Arteries 

Blood supply to the foot is by branehes of the posterior 
tibial and dorsalis pedis (dorsal artery of the foot) 
arteries. 

The posterior tibial artery enters the sole and bifurcates 
into lateral and medial plantar arteries. The lateral plantar 
artery joins with the terminal end of the dorsalis pedis 
artery (the deep plantar artery) to form the deep plantar 
areh. Branehes from this areh supply the toes. 

The dorsalis pedis artery is the continuation of the ante- 
rior tibial artery, passes onto the dorsal aspeet of the foot 
and then inferiorly, as the deep plantar artery, between 
metatarsals I and II to enter the sole of the foot. 

Posterior tibial artery and plantar areh 

The posterior tibial artery enters the foot through the 
tarsal tunnel on the medial side of the ankle and posterior 
to the medial malleolus. Midway between the medial mal- 
leolus and the heel, the pulse of the posterior tibial artery 
is palpable because here the artery is eovered only by a thin 
layer of retinaculum, by superfìcial eonneetive tissue, and 
by skin. Near this loeation, the posterior tibial artery bifur- 
eates into a small medial plantar artery and a much larger 
lateral plantar artery. 

Lateral plantar artery 

The lateral plantar artery passes anterolaterally into the 
sole of the foot, fìrst deep to the proximal end of the abduc- 
tor hallucis muscle and then between the quadratus 
plantae and flexor digitomm brevis imiseles (Fig. 6.118). 
It reaehes the base of metatarsal V where it lies in the 
groove between the flexor digitorum brevis and abductor 
digiti minimi imiseles. From here, the lateral plantar artery 
curves medially to form the deep plantar areh, which 
erosses the deep plane of the sole on the metatarsal bases 
and the interossei nmseles. 

Between the bases of metatarsals I and II, the deep 
plantar areh joins with the terminal braneh (deep plantar 
artery) of the dorsalis pedis artery, which enters the sole 
from the dorsal side of the foot. 
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Fig. 6.118 Arteries in the sole of the foot. 


Major branehes of the deep plantar areh include: 

a digital braneh to the lateral side of the little toe; 
four plantar metatarsal arteries, which supply digital 
branehes to adjaeent sides of toes I to V and the medial 
side of the great toe; and 

three perforating arteries, which pass between the bases 
of metatarsals II to V to anastomose with vessels on the 
dorsal aspeet of the foot. 

Medial plantar artery 

The medial plantar artery passes into the sole of the foot 
by passing deep to the proximal end of the abductor 
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hallucis muscle (Fig. 6.118). It supplies a deep braneh to 
adjaeent muscles and then passes forward in the groove 
between the abductor hallucis and the flexor digitorum 
brevis muscles. It ends by joining the digital braneh of the 
deep plantar areh, which supplies the medial side of the 
great toe. 

Near the base of metatarsal I, the medial plantar artery 
gives rise to a superficial braneh, which divides into three 
vessels that pass superficial to the flexor digitorum brevis 
muscle to join the plantar metatarsal arteries from the deep 
plantar areh. 

Dorsalis pedis artery 

The dorsalis pedis artery is the continuation of the anterior 
tibial artery and begins as the anterior tibial artery erosses 
the ankle joint (Fig. 6.119). It passes anteriorly over the 
dorsal aspeet of the talus, navicular, and intermediate 
cuneiform bones, and then passes inferiorly, as the deep 
plantar artery, between the two heads of the first dorsal 
interosseous muscle to join the deep plantar areh in the 
sole of the foot. The pulse of the dorsalis pedis artery on 
the dorsal surface of the foot ean be felt by gently palpating 
the vessel against the underlying tarsal bones between the 
tendons of the extensor hallucis longus and the extensor 
digitorum longus to the seeond toe. 

Branehes of the dorsalis pedis artery include lateral and 
medial tarsal branehes, an arcuate artery, and a first dorsal 
metatarsal artery: 

The tarsal arteries pass medially and laterally over the 
tarsal bones, supplying adjaeent structures and anasto- 
mosing with a network of vessels formed around the 
ankle. 

■ The arcuate artery passes laterally over the dorsal 
aspeet of the metatarsals near their bases and gives rise 
to three dorsal metatarsal arteries, which supply 
dorsal digital arteries to adjaeent sides of digits II to 
V, and to a dorsal digital artery that supplies the lateral 
side of digit V. 

The first dorsal metatarsal artery (the last braneh of 
the dorsalis pedis artery before the dorsalis pedis artery 
continues as the deep plantar artery into the sole of the 
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Fig. 6.119 Dorsalis pedis artery. 


foot) supplies dorsal digitalbranehes to adjaeent sides of 
the great and seeond toes. 

The dorsal metatarsal arteries eonneet with perforating 
branehes from the deep plantar areh and similar branehes 
from the plantar metatarsal arteries. 
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Veins 

There are intereonneeted networks of deep and superficial 
veins in the foot. The deep veins follow the arteries. Super- 
fieial veins drain into a dorsal venous areh on the dorsal 
surface of the footover the metatarsals (Fig. 6.120): 

The great saphenous vein originates from the medial 
side of the areh and passes anterior to the medial mal- 
leolus and onto the medial side of the leg. 

The small saphenous vein originates from the lateral 
side of the areh and passes posterior to the lateral mal- 
leolus and onto the baek of the leg. 


Nerves 

The foot is supplied by the tibial, deep fibular, superficial 
fibular, sural, and saphenous nerves: 

All five nerves contribute to cutaneous or general 
sensory innervation. 

■ The tibial nerve innervates all intrinsie muscles of the 
foot except for the extensor digitoram brevis, which is 
innervated by the deep fibular nerve. 

The deep fibular nerve often also contributes to the 
innervation of the first and seeond dorsal interossei. 
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Fig. 6.120 Superficial veins of the foot. 


659 

























Lower Limb 



Tibial nerve 

The tibial nerve enters the foot through the tarsal tunnel 
posterior to the medial malleolus. In the tunnel, the nerve 
is lateral to the posterior tibial artery, and gives origin to 
medial ealeaneal branehes, which penetrate the flexor 
retinaculum to supply the heel. Midway between the 
medial malleolus and the heel, the tibial nerve bifurcates 
with the posterior tibial artery into: 

a large medial plantar nerve, and 

a smaller lateral plantar nerve (Fig. 6.121). 

The medial and lateral plantar nerves lie together 
between their eorresponding arteries. 

Medial plantar nerve 

The medial plantar nerve is the major sensory nerve in 
the sole of the foot (Fig. 6.121). It innervates skin on most 
of the anterior two-thirds of the sole and adjaeent surfaces 
of the medial three and one-half toes, which includes the 
great toe. In addition to this large area of plantar skin, the 
nerve also innervates four intrinsie muscles—the abductor 
halhieis, flexor digitomm brevis, flexor halhieis brevis, and 
fìrst lumbrical. 

The medial plantar nerve passes into the sole of the foot 
deep to the abductor hallucis muscle and forward in the 
groove between the abductor hallucis and flexor digitorum 
brevis, supplying branehes to both these muscles. 

The medial plantar nerve supplies a digital braneh 
(proper plantar digital nerve) to the medial side of the 
great toe and then divides into three nerves (eommon 
plantar digital nerves) on the plantar surface of the 
flexor digitorum brevis, which continue forward to supply 
proper plantar digital branehes to adjaeent surfaces of toes 
I to IV. The nerve to the fìrst himbrieal originates from the 
fìrst eommon plantar digital nerve. 

Lateral plantar nerve 

The lateral plantar nerve is an important motor nerve 
in the foot because it innervates all intrinsie muscles in the 
sole, except for the muscles supplied by the medial plantar 
nerve (the abductor hallucis, flexor digitorum brevis, flexor 
hallucis brevis, and fìrst himbrieal) (Fig. 6.121). It also 
innervates a strip of skin on the lateral side of the anterior 
two-thirds of the sole and the adjaeent plantar surfaces of 
the lateral one and one-half digits. 

The lateral plantar nerve enters the sole of the foot by 
passing deep to the proximal attaehment of the abductor 
hallucis muscle. It continues laterally and anteriorly aeross 
the sole between the flexor digitorum brevis and quadratus 
660 plantae muscles, supplying branehes to both these muscles, 
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Fig. 6.121 Lateral and medial plantar nerves. A. Sole of the right 
foot. B. Cutaneous distribution. 
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and then divides near the head of metatarsal V into deep 
and superficial branehes. 

The siiperfieial braneh of the lateral plantar nerve 
gives rise to a proper plantar digital nerve, which sup- 
plies skin on the lateral side of the little toe, and to a 
eommon plantar digital nerve, which divides to supply 
proper plantar digital nerves to skin on the adjaeent sides 
of toes IV and V. 

The proper plantar digital nerve to the lateral side of the 
little toe also innervates the ílexor digiti minimi brevis and 
the dorsal and plantar interossei muscles between metatar- 
sals IV and V. 

The deep braneh of the lateral plantar nerve is motor 
and aeeompanies the lateral plantar artery deep to the long 
ílexor tendons and the adductor hallucis muscle. It supplies 
branehes to the seeond to fourth lumbrical muscles, the 
adductor hallucis muscle, and all interossei except those 
between metatarsals IV and V, which are innervated by the 
superficial braneh. 


In the elinie 
Morton's neuroma 

A Morton's neuroma is an enlarged eommon plantar 
nerve, usually in the third interspaee between the third 
and fourth toes. In this region of the foot the lateral 
plantar nerve often unites with the medial plantar 
nerve. As the two nerves join, the resulting nerve is 
typieally larger in diameter than those of the othertoes. 
Also, it is in a relatively subcutaneous position, just 
above the fat pad of the foot elose to the artery and the 
vein. Above the nerve is the deep transverse metatarsal 
ligament, which is a broad strong structure holding the 
metatarsals together. Typieally, as the patiententers the 
"push-off" phase of walking the interdigital nerve is 
sandwiched between the ground and the deep 
transverse metatarsal ligament. The forees tend to 
eompress the eommon plantar nerve, which ean be 
irritated, in which ease there is usually some assoeiated 
inflammatory ehange and thiekening. 

Typieally, patients experience pain in the third 
interspaee, which may be sharp or dull and is usually 
worsened by wearing shoes and walking. 

Treatment may include injeetion of anti- 
inflammatory drugs 7 or it may be neeessary to surgically 
remove the lesion. 


Deep fìbular nerve 

The deep fibular nerve innervates the extensor digitorum 
brevis, contributes to the innervation of the first two dorsal 
interossei muscles, and supplies general sensory branehes 
to the skin on the adjaeent dorsal sides of the first and 
seeond toes andto the web spaee between them (Fig. 6.122 ). 
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Fig. 6.122 A.Terminal branehes of superficial and deep fibular 
nerves in the foot. B. Cutaneous distribution. 
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The deep fibular nerve enters the dorsal aspeet of 
the foot on the lateral side of the dorsalis pedis artery, 
and is parallel with and lateral to the tendon of the 
extensor hallucis longus muscle. Just distal to the ankle 
joint, the nerve gives origin to a lateral braneh, which 
innervates the extensor digitoram brevis from its deep 
surface. 

The deep fibular nerve continues forward on the dorsal 
surface of the foot, penetrates deep faseia between meta- 
tarsals I and II near the metatarsophalangeal joints, and 
then divides into two dorsal digital nerves, which supply 
skin over adjaeent surfaces of toes I and II down to the 
beginning of the nail beds. 

Small motor branehes, which contribute to the supply 
of the first two dorsal interossei muscles, originate from the 
deep fibular nerve before it penetrates deep faseia. 

Superfìcial fìbular nerve 

The siiperfieial fibular nerve is sensory to most skin on 
the dorsal aspeet of the foot and toes except for skin on 
adjaeent sides of toes I and II (which is innervated by 
the deep fibular nerve) and skin on the lateral side of the 


foot and little toe (which is innervated by the sural nerve; 

Fig. 6.122). 

The superficial fibular nerve penetrates deep faseia 
on the anterolateral side of the lower leg and enters the 
dorsal aspeet of the foot in superficial faseia. It gives rise to 
cutaneous branehes and dorsal digital nerves along 
its course. 

Sural nerve 

The sural nerve is a cutaneous braneh of the tibial nerve 
that originates high in the leg. It enters the foot in superfi- 
eial faseia posterior to the lateral malleolus elose to the 
short saphenous vein. Terminal branehes innervate skin 
on the lateral side of the foot and dorsolateral surface of 
thelittletoe (Fig. 6.122B). 

Saphenous nerve 

The saphenous nerve is a cutaneous braneh of the femoral 
nerve that originates in the thigh. Terminal branehes 
enter the foot in superficial faseia on the medial side of the 
ankle and supply skin on the medial side of the proximal 
foot (Fig. 6.122B). 
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Surface anatomy 


Lower limb surface anatomy 

Tendons, muscles, and bony landmarks in the lower limb 
are used to loeate major arteries, veins, and nerves. 

Because vessels are large, they ean be used as entry 
points to the vascular system. In addition, vessels in the 
lower limb are farthest from the heart and the most inferior 
in the body. Therefore, the nature of peripheral pulses in 
the lower limb ean give important information about the 
status of the circulatory system in general. 

Sensation and muscle aetion in the lower limb are tested 
to assess lumbar and saeral regions of the spinal eord. 

Avoiding the seiatie nerve 

The seiatie nerve innervates muscles in the posterior eom- 
partment of the thigh, muscles in the leg and foot, and an 
appreeiable area of skin. It enters the lower limb in the 
ghiteal region (Fig. 6.123) and passes inferiorly midway 
between two major palpable bony landmarks, the greater 


troehanter and the isehial tuberosity. The greater troehan- 
ter ean be easily felt as a hard bony protuberance about one 
hand’s width inferior to the midpoint of the iliae erest. The 
isehial tuberosity is palpable just above the ghiteal fold. 

The gluteal region ean be divided into quadrants by two 
lines positioned using palpable bony landmarks. 

One line deseends vertieally from the highest point of 
the iliae erest. 

■ The other line passes horizontally through the fìrst line 
midway between the highest point of the iliae erest and 
the horizontal plane through the isehial tuberosity. 

The seiatie nerve curves through the upper lateral 
eorner of the lower medial quadrant and deseends along 
the lateral margin of the lower medial quadrant. injeetions 
ean be earried out in the anterior eorner of the upper 
lateral quadrant to avoid injury to the seiatie nerve and 
major vessels in the region (Fig. 6.123B). 
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Fig. 6.123 Avoiding the seiatie nerve. A. Posterior view of the gluteal region of a man with the position of the seiatie nerve indieated. B. 
Posterolateral view of the left gluteal region with gluteal quadrants and the position of the seiatie nerve indieated. 
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Finding the femoral artery in the 
femoral triangle 

The femoral artery passes into the femoral triangle 
(Fig. 6.124) of the lower limb from the abdomen. 

The femoral triangle is the depression formed in the 
anterior thigh between the medial margin of the adductor 
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longus muscle, the medial margin of the sartorius muscle, 
and the inguinal ligament. 

The tendon of the adductor longus muscle ean be pal- 
pated as a eord-like structure that attaehes to bone imme- 
diately inferior to the pubic tubercle. 

The sartorhis muscle originates from the anterior 
superior iliae spine and erosses anteriorly over the thigh 
to attaeh to the medial aspeet of the tibia below the 
knee joint. 

The inguinal ligament attaehes to the anterior superior 
iliae spine laterally and the pubic tubercle medially. 

The femoral artery deseends into the thigh from the 
abdomen by passing under the inguinal ligament and into 
the femoral triangle. In the femoral triangle, its pulse is 
easily felt just inferior to the inguinal ligament midway 
between the pubic symphysis and the anterior superior 
iliae spine. Medial to the artery is the femoral vein and 
medial to the vein is the femoral eanal, which eontains 
lymphaties and lies immediately lateral to the pubic tuber- 
ele. The femoral nerve lies lateral to the femoral artery. 


Identifying structures around the knee 

The patella is a prominent palpable feature at theknee. The 
quadriceps femoris tendon attaehes superiorly to it and 
the patellar ligament eonneets the inferior surface of the 
patella to the tibial tuberosity (Fig. 6.125). The patellar 
ligament and the tibial tuberosity are easily palpable. A tap 
on the patellar ligament (tendon) tests reflex aetivity 
mainly at spinal eord levels L3 and L4. 

Thehead of the fibula is palpable as a protuberance on 
the lateral surface of the knee just inferior to the lateral 
eondyle of the tibia. It ean also be loeated by following the 
tendon of the bieeps femoris inferiorly. 

The eommon fibular nerve passes around the lateral 
surface of the neek of the fibula just inferior to the head 
and ean often be felt as a eord-like structure in this 
position. 

Another structure that ean usually be loeated on the 
lateral side of the knee is the iliotibial traet. This flat tendi- 
nous structure, which attaehes to the lateral tibial eondyle, 
is most prominent when the knee is fully extended. In this 
position, the anterior edge of the traet raises a sharp verti- 
eal fold of skin posterior to the lateral edge of the patella. 


Fig. 6.124 Position of the femoral artery in the femoral triangle. 
Anterior thigh. 
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Fig. 6.125 Identifying structures around the knee. A. Anterior view of the right knee. B. Lateral view of the partially flexed right knee. 
C. Lateral view of the extended right knee, thigh, and gluteal region. 
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Visualizing the eontents of the 
popliteal fossa 

The popliteal fossa is a diamond-shaped depression formed 
between the hamstrings and gastrocnemius muscle poste- 
rior to the knee. The inferior margins of the diamond are 
formed by the medial and lateral heads of the gastroene- 
mius muscle. The superior margins are formed laterally by 
the bieeps femoris muscle and medially by the semimem- 
branosus and semitendinosus muscles. The tendons of the 
bieeps femoris muscle and the semitendinosus muscle are 
palpable and often visible. 

The head of the fibula is palpable on the lateral side of 
the knee and ean be used as a landmark for identifying the 


bieeps femoris tendon and the eommon fibular nerve, 
which curves laterally out of the popliteal fossa and erosses 
the neek of the fibula just inferior to the head. 

The popliteal fossa eontains the popliteal artery, the 
popliteal vein, the tibial nerve, and the eommon fibular 
nerve (Fig. 6.126). The popliteal artery is the deepest of the 
structures in the fossa and deseends through the region 
from the upper medial side. As a consequence of its posi- 
tion, the popliteal artery pulse is difficult to find, but usually 
ean be deteeted on deep palpation just medial to the midline 
of the fossa. 

The small saphenous vein penetrates deep faseia 
in the upper part of the posterior leg and joins the pop- 
liteal vein. 
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Fig. 6.126 Visualizing the eontents of the popliteal fossa. Posterior view of the left knee 
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Finding the tarsal tunnel—the gatevvay to 
the f oot 

The tarsal tunnel (Fig. 6.12 7) is formed on the medial side 
of the foot in the groove between the medial malleolus and 
the heel (ealeaneal tuberosity) and by the overlying flexor 
retinaculum. 

The posterior tibial artery and tibial nerve enter the foot 
through the tarsal tunnel. The tendons of the tibialis pos- 
terior, flexor digitomm longus, and flexor hallucis longus 
also pass through the tarsal tunnel in eompartments 
formed by septa of the flexor retinaculum. 


The order of structures passing through the tunnel 
from the anteromedial to posterolateral are the tendon of 
the tibialis posterior, the tendon of the flexor digitorum 
longus, the posterior tibial artery and assoeiated veins, the 
tibial nerve, and the tendon of the flexor hallucis longus 
(“Tom, Diek, and a very nervous Harry”). 

The tibial artery is palpable just posteroinferior to the 
medial malleolus on the anterior faee of the visible groove 
between the heel and medial malleolus. 
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Fig. 6.127 Finding the tarsal tunnel—the gateway to the foot. 
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Identifying tendons around the ankle 
and in the foot 

Numerous tendons ean be identifìed around the ankle and 
in the foot (Fig. 6.128) and ean be used as useful land- 
marks for loeating vessels or testing spinal reflexes. 

The tibialis anterior tendon is visible on the medial side 
of the ankle anterior to the medial malleolus. 

The ealeaneal tendon is the largest tendon entering the 
foot and is prominent on the posterior aspeet of the foot as 


it deseends from the leg to the heel. A tap with a tendon 
hammer on this tendon tests reflex aetivity of spinal eord 
levels S1 and S2. 

When the foot is everted, the tendons of the fìbularis 
longus and fìbularis brevis raise a linear fold of skin, which 
deseends from the lower leg to the posterior edge of the 
lateral malleohis. 

The tendon of the fìbularis brevis is often evident on the 
lateral surface of the foot deseending obliquely to the base 
of metatarsal V. The tendons of the fìbularis tertms, 



Tibialis anterior tendon 


Medial malleolus 


Calcaneal tendon 




A 


B 


Fibiilaris longus tendon 

overlying fibularis 
brevis tendon 



Lateral malleolus 


Fibularis tertius tendon 


Extensor 

digitomm 


e 


longus tendons 


Fíbularis brevis tendon 



Tibialis anterior 
tendon 


Extensor hallucis 
longus tendon 


Fig. 6.128 Identifying tendons around the ankle and in the foot. A. Medial side of the right foot. B. Posterior aspeet of the right foot. C. 
Lateral side of the right foot. D. Dorsal aspeet of the right foot. 
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extensor digitomm longus, and extensor hallucis longus 
are visible on the dorsal aspeet of the foot from lateral to 
medial. 

Finding the dorsalis pedis artery 

The nature of the dorsalis pedis pulse (Fig. 6.129) is impor- 
tant for assessing peripheral circulation because the dorsa- 
lis pedis artery is the farthest palpable vessel from the 
heart. Also, it is the lowest palpable artery in the body 
when a person is standing. 

The dorsalis pedis artery passes onto the dorsal aspeet 
of the foot and anteriorly over the tarsal bones where it lies 
between and is parallel to the tendon of the extensor hal- 
lucis longus and the tendon of the extensor digitomm 
longus to the seeond toe. It is palpable in this position. The 
terminal braneh of the dorsalis pedis artery passes into the 
plantar surface of the foot between the two heads of the 
fìrst dorsal interosseous muscle. 


Approximating the position of the plantar 
arterial areh 

The blood supply of the foot is provided by branehes of the 
posterior tibial and dorsalis pedis arteries. 

The posterior tibial artery enters the plantar surface of 
the foot through the tarsal tunnel and divides into a lateral 
and a medial plantar artery. 

The lateral plantar artery curves laterally aeross the 
posterior half of the sole and then curves medially as the 
plantar areh (Fig. 6.130) through the anterior sole. 
Between the bases of metatarsals I and II, the plantar 
areh joins the terminal braneh (deep plantar artery) of the 
dorsalis pedis artery. Most of the foot is supplied by the 
plantar areh. 

Themedialplantar artery passes anteriorly through the 
sole, eonneets with branehes of the plantar areh, and sup- 
plies the medial side of the great toe. 



Extensor hallucis 
longus tendon 


Dorsalìs pedis artery 


Extensor digitorum 
longus tendon to 
seeond toe 


Fig. 6.129 Finding the dorsalis pedis artery. 



Connection with 
dorsalis pedis artery 


Plantar areh 


Lateral plantar artery 


Flexor retinaculum 


Fig. 6.130 Position of the plantar areh. 
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Major superfìcial veins 

Superfìcial veins in the lower limb often beeome enlarged. 
Also, because the veins are long, they ean be removed and 
used elsewhere in the body as vascular grafts. 

Superficial veins (Fig. 6.131) in the lower limb begin as 
a dorsal venous areh in the foot. The medial side of the areh 
curves superiorly anterior to the medial malleolus and 
passes up the leg and thigh as the great saphenous vein. 


This vein passes through an aperture in the faseia lata 
(saphenous ring) to join with the femoral vein in the 
femoral triangle. 

The lateral side of the dorsal venous areh in the foot 
passes posterior to the lateral malleolus and up the poste- 
rior surface of the leg as the small saphenous vein. This 
vessel passes through the deep faseia in the upper one-third 
of the leg and eonneets with the popliteal vein in the pop- 
liteal fossa posterior to the knee. 







* 




Joins femoral vein 
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Saphenoiis ring 





saphenous vein 
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deep faseia 



Joins popliteal veín 



saphenoos vein 



Fig. 6.131 Major siiperfieial veins. A. Dorsal aspeet of the right foot. B. Anterior view of right lower limb. C. Posterior aspeet of the left 
thigh, leg, and foot. 
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Pulse points 

Peripheral pulses ean be felt at four loeations in the lower 

limb (Fig. 6.132): 

femoral pulse in the femoral triangle—femoral 
artery inferior to the inguinal ligament and midway 
between the anterior superior iliae spine and the pubic 
symphysis; 

popliteal pulse in the popliteal fossa—popliteal artery 
deep in the popliteal fossa near the midline; 


posterior tibial pulse in the tarsal tunnel—posterior 
tibial artery posteroinferior to the medial malleolus in 
the groove between the medial malleolus and the heel 
(ealeaneal tuberosity); 

dorsalis pedis pulse on the dorsal aspeet of the foot— 
dorsalis pedis artery as it passes distally over the tarsal 
bones between the tendon of the extensor hallucis 
longus and the tendon of the extensor digitomm longus 
to the seeond toe. 



Posterior tibial pulse 


Dorsalis pedis pulse 


Fig. 6.132 Where to feel peripheral arterial pulses in the lovver limb. 
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Case 1 

VARICOSE VEINS 

A young vvoman eame to a vascular surgeon with a 
series of large dilated tortuous veins in her right leg. 
The rest of her leg was otherwise unremarkable. 

A diagnosis of varieose veins was made and the surgeon 
needs to determine the site of valvular ineompetenee. 

There are typieal points where ineompetent valves occur 
between the superficial and the deep veins. In these 
regions the varieosities tend to beeome marked. The 
typieal sites are: 

■ at the saphena varix—the saphenofemoraljunction 
where the femoral vein is joined by the great 
saphenous vein; 

■ in the midthigh perforating vein between the great 
saphenous vein and the femoral vein; 

■ in the ealf the three sites where perforators occur, 

5, 10, and 15 em above the medial malleolus between 
the great saphenous vein and the deep veins ofthe 
ealf; and 

■ at the junction ofthe small saphenous vein and the 
popliteal vein. 

The surgeon asked the patient to lie supine on the bed 
and elevated the leg. A tourniquet was plaeed around the 
upper thigh below the saphenofemoral junction and the 
patient was asked to stand up. No veins were 
demonstrated filling on the medial aspeet of the thigh 
and lower limb. 

The effeet of the tourniquet is to eompress the great 
saphenous vein while permitting blood to flow in the 
deep venous system of the femoral vein and the deep 
femoral vein. 

Because there was no fìlling of the medial varieose veins 
below the level of the toornigoet, the surgeon assumed 
that the valve at the saphenofemoral junction was 
ineompetent and would require surgical treatment. 


However, during the tourniquet maneuver the surgeon 
also noted some veins around the posterior and 
posterolateral aspeet of the ealf. 

A similar technique was performed by applieation of a 
tourniquet just below the level of the knee joint while the 
leg was elevated. The patient stood up and no veins were 
demonstrated filling in the posterior and posterolateral 
aspeet of the ealf. These findings suggested to the 
surgeon that there was also ineompetenee of the valve 
for the small saphenous system where it anastomoses 
with the popliteal vein. 

Surgery was planned. 

A small transverse ineision was made below the level of 
the inguinal ligament where the great saphenous vein 
passes through the saphenous ring in the deep faseia. 

This ean be easily palpated as a small circular defeet in 
the faseia. The saphenofemoral junction was identifìed 
and the great saphenous vein was ligated, at its 
anastomosis with the femoral vein. The great saphenous 
vein was stripped using speeial surgical techniques and 
removed. 

The patient was plaeed prone for the seeond part of the 
operation. 

A small ineision was made transversely at the level of the 
skin erease in the popliteal fossa. However, the surgeon 
had difficulty identifying the junction between the small 
saphenous vein and the popliteal vein. After eonsiderable 
time the surgeon loeated what he thought was the small 
saphenous vein and the structure was ligated and the 
wound elosed. 

The following day the patient was sent home, but 
returned to the elinie after 2 weeks eomplaining of 
problems walking. On examination there was absenee of 
dorsifleKÌon, a sensory disturbance overthe lateral aspeet 

(continues) 
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Case 1 (continued) 


of the leg and foot, and obvious vvasting of the fibular 
muscles. As the patient vvalked, the foot was dragged 
between steps. A elinieal diagnosis of footdrop was made 
and a eommon fibular nerve injury was diagnosed. The 
injury occurred at the time of surgery. 

Within the popliteal fossa are the popliteal artery, 
popliteal vein, and seiatie nerve (and its divisions). The 
popliteal artery is the deepest structure. The popliteal 
vein is superfìcial to the artery and the seiatie nerve is 
superfìcial to the vein (Fig. 6.133). Importantly, the seiatie 
nerve divides at the apex of the popliteal fossa. The tibial 
nerve continues into the lower popliteal fossa. The 
eommon fibular nerve passes laterally adjaeent to the 
bieeps femoris muscle to beeome superficial and wrap 
around the fibula neek. 

It was concluded that the surgeon had aeeidentally 
ligated the eommon fibular nerve rather than the small 
saphenous vein, thus producing this patient's symptoms. 



Tibial nerve 
Semimembranosus 


Fig. 6.133 Popliteal fossa showing position of the popliteal 
artery and vein and seiatie nerve. Tl-weighted magnetie 
resonanee image in the axial plane. 


Case 2 

KNEE JOINT INJIIRY 

A young man was enjoying a long weekend skiing at a 
European ski resort. While raeing a friend he caught 
an inner edge of his right ski. He lost his balanee and 
fell. During his tumble he heard an audible "diek." 
After reeovering from his spill, he developed 
tremendous pain in his right knee. He was unable to 
earry on skiing for that day, and by the time he 
returned to his ehalet, his knee was signifieantly 
swollen. He went immediately to see an orthopedie 
surgeon. 

The orthopedie surgeon carefully reviewed the 
meehanism of injury. 


The man was skiing down the slope with both skis in 
parallel. The ankles were held rigid in the boots and the 
knees were slightly flexed. A momentary loss of 
eoneentration led to the skier eatehing the inner edge of 
his right ski. This effeet was to foree the boot and ealf into 
external rotation. Furthermore 7 the knee was foreed into 
a valgus position (bowed laterally away from the midline) 
and the skier tumbled. Both skis were detaehed from the 
boots as the bindings released them. 


A series of structures within the knee joint were damaged 
sequentially. 

(continues) 
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Case 2 (continued) 

As the knee went into external rotation and valgus, the 
anterior cruciate ligament beeame taut, aeting as a 
fulcrum. The tibial eollateral ligament was stressed and 
the lateral eompartment of the knee eompressed. As the 
foree inereased, the tibial eollateral ligament was torn 
(Fig. 6.134A3)/ as was the medial meniscus (Fig. 6.135C). 
Finally, the anterior emeiate ligament, which was taut, 
gave way (Fig. 6.135A,B). 

The joint beeame swollen some hours afterward. 

Disruption of the anterior cruciate ligament 
eharaeteristieally produces marked joint swelling. The 
ligament is extrasynovial and intracapsular and has a rieh 
blood supply. As the ligament was torn it ruptured into 
the joint. Blood from the tear irritates the synovial 
membrane and also enters the joint. These faetors 
produce gradual swelling of the joint over the ensuing 


hours with signifieant fluid accumulation in the joint 
eavity. 

The patient had a surgical reeonstmetion of the anterior 
cruciate ligament. 

It is difficult to find a man-made substance that ean aet in 
the same way as the anterior cruciate ligament and 
demonstrate the same physieal properties. Surgeons 
have devised ingenious ways of reconstructing the 
anterior cruciate ligament. Two of the eommonest 
methods use the patellar ligament (tendon) and 
hamstrings to reeonstmet the ligament. 

The patient had further surgical procedures. 

The tibial eollateral ligament was explored and resutured. 
Llsing arthroseopie techniques r the tear in the medial 
meniscus was débrided to prevent further eomplieations. 




Tibìal eollateral 
ligament 


A 



Tom tibial eollateral ligamení 



memscus 


Medial 

meniseiis 


Fig. 6.134 A. Normal knee joint showing the tibial eollateral ligament and the medial and lateral menisei. Proton density (PD)-weighted 
magnetie resonanee image in the eoronal plane. B. Knee joint showing a torn tibial eollateral ligament. PD-weighted magnetie 
resonanee image in the eoronal plane. 


(continues) 
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Tom anterior 


Anterìor eryeiate ligament 





A 


Displaeed fragment of posterior horn 
of medial meniscus 


Medial femoral eondyle 




Torn posterior “horn 

of mediai meniseos 


meniseos 




B 




Tíbìa 


Fig. 6.135 A. Knee joint showing an intaet anterior cruciate ligament. T2-weighted magnetie resonanee image in the sagittal plane. 

B. Knee joint showing a torn anterior cruciate ligament. T2-weighted magnetie resonanee image in the sagittal plane. C. Knee joint 
showing a torn medial meniscus (the broken off portion of the posterior horn has moved into the anterior aspeet of the joint giving 
the impression of a ‘double meniscus’ in this loeation). Proton density-weighted magnetie resonanee image in the sagittal plane. 
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Case 3 

FRACTURE OF NECK OF FEMUR 

A 72-year-old woman was admitted to the emergeney 
room after falling at home. She eomplained of a 
severe pain in her right hip and had notieeable 
bruising on the right side of the faee. 

On admission it was noted that the patient's right leg was 
shorter than her left leg and externally rotated. 

An initial series of investigations was earried out 7 
including a plain radiograph of the pelvis. 

The plain radiograph of the pelvis demonstrated a 
displaeed fracture through the right neek of the femur. 

The apparent shortening and external rotation of the leg 
on elinieal examination were accounted for by spasm of 
the muscles eonneeting the pelvis to the troehanters and 
proximal femur. Of the muscles that surround the hip 
jointthe largest group is the adductor group (adductor 
longus 7 brevis, and magnus) and the psoas major. The 
psoas major inserts onto the lesser troehanter and its 
aetion is to externally rotate and flex the hip. The fulcrum 
of aetion of the psoas major is the femoral head in the 
acetabulum. However, when the femoral neek is 
detaehed its overriding aetion pulls the femur proximally 
and into external rotation. The external rotation is 
exacerbated by the spasm in the adductor muscles. 

Extensive medieal testing was neeessary before surgery. It 
is important to remember that elderly patients may have 
a number of coexisting diseases. 

The patient then underwent a hemiarthroplasty. 

Hemiarthroplasty is a surgical procedure in which the 
femoral head is removed from the acetabulum. The 
femoral neek is trimmed elose to the troehanters and the 
medullary eavity of the femoral shaft is reamed. A metal 
hip prosthesis is inserted into the medullary eavity of the 


femur and the head of the prosthesis is plaeed into the 
acetabulum, in which it articulates. Importantly, the 
acetabulum is not replaeed in straightforward eases, 
though a prosthetie acetabulum may be inserted if 
elinieally appropriate. 

An arthroplasty was the only procedure that could be 
performed. 

The blood supply to the femoral head is from three 
sources—the artery within the ligament of the head of 
the femur 7 vessels in the medullary eavity, and vessels 
deepto the synovium running in the retinacula of the 
fìbrous capsule of the hip joint. With inereasing age, the 
medullary eavity undergoes fatty replaeement of the 
normal red marrow, thus attenuating the medullary 
blood supply. The artery within the ligament of the head 
of the femur also beeomes attenuated and this is often 
assoeiated with atheroselerotie arterial disease. 

Unfortunately for this patient, the sole blood supply to 
the head of the femur was via the vessels in the 
retinacula fibers, which were transeeted at the time of the 
fracture. If the patient had an intertroehanterie fracture 
instead, the vessels of the retinacula fibers would not 
have been damaged and a different approaeh to surgical 
fixation could be undertaken without the need for a 
hemiarthroplasty. 

The patient has osteoporosis. 

Osteoporosis is a eommon eondition affeeting older 
people, but is signifieantly more frequent in 
postmenopausal women. Many fractures of the femoral 
neek in elderly patients occur because the strength of the 
bone is signifieantly reduced when it is osteoporotie. 
Other eommon sites for osteoporotie fractures include 
the distal radius and the thoraeie and lumbar vertebrae. 
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Case 4 

DEEP VEIN THROMBOSIS 

A 28-year-old woman was seen by her family 
praetitioner for a roiitine pregnaney checkup at 36 
weeks' gestational age. Neither the patient nor the 
family physieian had any eoneerns about the 
pregnaney. However, the patient did eomplain of 
unilateral swelling of her left leg, which had gradually 
inereased overthe previous 2 days. Furthermore, the 
evening before her visit she developed some sharp 
ehest pain, which was exacerbated by deep breaths. 

The family physieian ordered a duplex ultrasound sean of 
the left leg venous system. 

Ultrasound seanning of the vascular tree ean demonstrate 
flow and occlusion of arteries and veins. 

The probe was plaeed over the left femoral vein and no 
flow was demonstrated. Forthermore, the vein could not 
be eompressed, and no alteration of flow with breathing 
could be demonstrated. Some flow was demonstrated in 
the deep femoral vein and in the great saphenous vein. 
No flow was demonstrated throughout the length of the 
left femoral vein, the popliteal vein, and the tibial veins. 

The teehnieian seanned the opposite side, where 
excellent flow was demonstrated within the right femoral 
venous system. In addition, when the ealf was gently 
massaged an augmentation to the flow was noted. It was 
possible to demonstrate alteration of flow with 
respiratory excursion and venous eompression was 
satisfaetory. A diagnosis of extensive left-sided deep vein 
thrombosis was made. 

Certain patients are more prone to deep vein thrombosis. 
Three major faetors predispose a patient to thrombosis: 

■ reduced or stognant blood fìowin the veins — 
signifieant stasis ofblood (which may be due to laek of 
movement), reducedmuscularcalfpump effeet, and 
obstruction to fìow may occur; 

■ injury to the vein wall—venous trauma may damage 
the vessel walls, promoting thrombus formation; 

■ hypercoagulability ofthe blood—hypercoagulable 
states are often assoeiated with abnormal levels of 


eertain elotting faetors, such as antithrombin III, 
protein C, and protein 5. 

In this patient, eompression of the left external iliae veins 
by the gravid uterus was the likely cause of stasis, which 
led to the deep vein thrombosis. 

The ehest pain was due to pulmonary emboli. 

Small emboli were thrown off from the leading edge of 
the thrombus through the heart to lodge in the lungs. 
Small emboli cause typieal pleuritic ehest pain, which is 
exacerbated by breathing. In isolation these small 
pulmonary emboli may affeet respiratory function, but 
they may be the precursor to a large and potentially fatal 
pulmonary embolus (Fig. 6.136). 

Anticoagulation was instituted and the patient had an 
uneventful delivery. 


Embolus Left atiium 



Aorta 


Right inferior pulmonary 
artery with embolus 

Fig. 6.136 Pulmonary embolus. Axial computed tomogram. 
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RUPTURED CALCANEAL TENDON 

A 45-year-old man had reeently taken up squash. 
During a game he attempted a forehand shot and 
notieed severe sudden pain in his heel. He thought 
his opponent had hit him with his raeket. When he 
turned, though, he realized his opponent was too 
far away to have hit him. 

VVithin minutes there was marked swelling of the ankle. 
The patient was unable to plantarflex his foot and had to 
stop the game. Afterward an appreeiable subcutaneous 
hematoma developed in the ankle. 

The diagnostie possibilities include a bone orsoft 
tissue injury. 

A bony injury was excluded because there was no bone 
tenderness. 

The patient had a signifieant soft tissue injury. On 
examination he had signifieant swelling of the ankle with 
a subcutaneous hematoma. He was unable to stand on 
tiptoe on the right leg, and in the prone position a 
palpable defeet was demonstrated within the 
ealeaneal tendon. 

A diagnosis of ealeaneal tendon rupture was made. 

This patient has a typieal history of ruptured ealeaneal 
tendon and the elinieal findings support this. Magnetie 
resonanee imaging was earried out and eonfìrmed the 
diagnosis (Fig. 6.137). 

The patient underwent an operative repair. 

The tendon healed well, though the patient has not gone 
baek to playing squash. 



ea n eal te n do n 





Talus 


Calcaneus 


Fig. 6.137 Ankle showing a ruptured ealeaneal tendon. 
T2-weighted magnetie resonanee image in the sagittal plane. 
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Case 6 

POPLITEAL ARTERY ANELIRYSM 

A 67-year-old man was noted to have a mass at the 
baek of his knee. The mass measiired approximately 
4 em in transverse diameter. The patient was 
otherwise fìt and well and had no other history 
of note. 

The mass was arising from one of the structures in the 
popliteal fossa. 

Within the popliteal fossa there is a neurovascular bundle 
that eontains the seiatie nerve (and its two divisions), the 
popliteal artery and the popliteal vein. There are also 
numerous small bursae assoeiated with the posterior 
aspeet of the knee joint and the muscles and tendons in 
this region. It is possible that this mass is arising from the 
posterior structures of the knee joint, which include 
synovial outpouchings 7 the menisei, and the muscles 
and tendons of this region. 

The eommonest masses demonstrated within the 
popliteal fossa are a popliteal eyst, a popliteal aneurysm, 
and an arterial adventitial eyst. 


llnlike aneurysms elsewhere in the body, the natural 
history of popliteal aneurysms is to embolize, with the 
mural thrombus producing isehemia distal to the lesion, 
rather than rupture. It is mandatory to examine the rest 
of the arterial tree in patients with a popliteal aneurysm 
because aneurysms may be bilateral and there is an 
assoeiation with abdominal aortie aneurysms. 

The other diagnostie possibilities include a popliteal eyst 
and an adventitial eyst. 

A popliteal eyst (Baker's eyst) is a synovial outpouching 
that arises from the posteromedial aspeet of the knee 
joint. The synovial membrane of the knee joint 
outpouches between the medial head of the 
gastrocnemius and the semimembranosus tendon to lie 
medially within the popliteal fossa. Oeeasionally it traeks 
inferiorly to lie in and around the tendons that form the 
pes anserinus (sartorius, graeilis, and semitendinosus). 

An arterial adventitial eyst is an uncommon eystie 
structure that arises from the wall of the artery. 

An ultrasound investigation was earried out. 


Further elinieal examination revealed that this mass was 
pulsatile and demonstrated a bruit (an audible mmbling 
made by turbulent blood flow) on auscultation. 

A diagnosis of popliteal artery aneurysm was made. 

A popliteal artery aneurysm is an abnormal dilatation of 
the popliteal artery. It is unusual for it to be greater than 
5 em because symptoms usually develop before it 
reaehes this size. 


Llsing real-time ultrasound the dimensions of the 
popliteal aneurysm were eharaeterized and the flow in 
the vessels was demonstrated. Furthermore, a popliteal 
eyst and adventitial eyst were eompletely excluded. 

The patient underwent a surgical excision and graft 
interposition and has made an uneventful reeovery. 
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Case 7 

ANTERIOR TALOFIBLILAR LIGAMENTTEAR 

A young long-distanee runner eame to her physieian 
with acute swelling around the lateral aspeet of her 
ankle. This injury occurred direetly after aeeidentally 
running into a pothole in the pavement. 

A fractured ankle was suspected. 

Plain anteroposterior and lateral radiographs of the ankle 
revealed no evidenee of any bone injury to account for 
the patient's soft tissue swelling. 

The patient was given a pair of crutches and analgesies 
and told to rest. A diagnosis of a simple sprain was made. 

Over the ensuing weeks the swelling and edema within 
the soft tissue of the ankle deereased and the patient 
began to run, but noted that the ankle kept "giving way." 
She went to an orthopedie surgeon for further 
assessment. 

There was a positive anterior drawer test of the ankle 
joint. 

At this stage it is important to review the meehanism of 
injury. Typieally when rnnning on a hard surface the final 
phase of push-off involves supination of the foot. If the 
foot is caught in a pothole or divot, this supinating 
maneuver continues and inverts the ankle joint in 
plantarflexion. This puts signifieant strain on the lateral 
ligament complex and, given the appropriate 
eireomstanees, dismption (in order) of the ligament 


structures occurs from anterior to posterior. First, the 
anterior talofibular ligament is disrupted r followed by the 
calcaneofibular ligament, and then the posterior 
talofibular ligament. As eaeh of these ligaments is 
disrupted, the severity of the softtissue injury is 
signifieantly enhaneed and the ehanee of permanent 
ankle instability is inereased. 

On examination any positive anterior drawer test of the 
ankle (4-5 mm eompared to the opposite side) suggests 
an injury to the anterior talofibular ligament. 

The anterior talofibular ligament ean be assessed by 
plaeing the foot in marked plantarflexion. If there is over 
10° of differenee between the affeeted foot and 
nonaffeeted foot, an anterior talofibular ligament 
disruption is suspected. 

It is extremely rare for all three ligaments to be disrupted, 
and if so there are usually other signifieant ankle injuries. 

Magnetie resonanee imaging (MRI) was earried out to 
assess ligament damage. 

MRI is excellent for demonstrating the medial and lateral 
ligament complexes of the ankle as well as the soft 
tissues that support the bones of the posterior foot. 

Unfortunately for this patient there was a tear of the 
anterior talofibular ligament ( ig. 6.138), which had to be 
repaired surgically. 

(continues) 
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Case 7 (continued) 


Normal anterior talofibular ligament 



Galeaneal tendon Talus Fibula Galeaneal tendon Tibia Fibula 


Fig. 6.138 A. Normal ankle joint showing an intaet anterior talofibular ligament. Tl-weighted magnetie resonanee image in the axial 
plane. B. Ankle joint showing a torn anterior talofibular ligament. T2-weighted magnetie resonanee image in the axial plane. 
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Conceptual overview 

GENERAL DESCRIPTION 

The upper limb is assoeiated with the lateral aspeet of the 
lower portion of the neek and with the thoraeie wall. It is 
suspended from the trank by imiseles and a small skeletal 
articulation between the elaviele and the sternum—the 
sternoclavicular joint. Based on the position of its major 
joints and eomponent bones, the upper limb is divided into 
shoulder, arm, forearm, and hand (Fig. 7.1A). 


The shoulder is the area of upper limb attaehment to 
the trank (Fig. 7.1B). 

The arm is the part of the upper limb between the 
shoulder and the elbow joint; the forearm is between the 
elbow joint and the wrist joint; and the hand is distal to 
the wrist joint. 


Manubrium 
of sternum 


Glenohumeral joint 


Elbow joint 



Spinous proeess of vertebra Tl 


Fig. 7.1 llpper limb. A. Anterior view of the upper limb. B. Superior view of the shoulder. 
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The axilla, cubital fossa, and earpal tunnel are signifì- 
eant areas of transition between the different parts of the 
limb (Fig. 7.2). Important structures pass through, or are 
related to, eaeh of these areas. 

The axilla is an irregularly shaped pyramidal area 
formed by muscles and bones of the shoulder and the 
lateral surface of the thoraeie wall. The apex or inlet opens 
direetly into the lower portion of the neek. The skin of the 
armpit forms the floor. All major structures that pass 
between the neek and arm pass through the axilla. 

The cubital fossa is a triangularly shaped depression 
formed by muscles anterior to the elbow joint. The major 
artery, the braehial artery, passing from the arm to the 
forearm passes through this fossa, as does one of the major 
nerves of the upper limb, the median nerve. 

The earpal tunnel is the gateway to the palm of the 
hand. Its posterior, lateral, and medial walls form an areh, 
which is made up of small earpal bones in the proximal 
region of the hand. A thiek band of eonneetive tissue, the 
flexor retinaculum, spans the distanee between eaeh side 


of the areh and forms the anterior wall of the tunnel. The 
median nerve and all the long flexor tendons passing from 
the forearm to the digits of the hand pass through the 
earpal tunnel. 

FUNCTIONS 

Positioning the hand 

Unlike the lower limb, which is used for support, stability, 
and loeomotion, the upper limb is highly mobile for posi- 
tioning the hand in spaee. 

The shoulder is suspended from the trank predomi- 
nantly by nraseles and ean therefore be moved relative 
to the body. Sliding (protraetion and retraetion) and rotat- 
ing the scapula on the thoraeie wall ehanges the position 
of the glenohumeral joint (shoulder joint) and extends 
the reaeh of the hand (Fig. 7.3). The glenolrameral joint 
allows the arm to move around three axes with a wide 
range of motion. Movements of the arm at this joint are 



686 


Fig. 7.2 Areas of transition in the upper limb. 
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Fig. 7.3 Movements of the scapula. A. Rotation. B. Protraetion and retraetion. 




























llpper Limb 


flexion, extension, abduction, adduction, medial rotation 
(internal rotation), lateral rotation (external rotation), and 
circumduction (Fig. 7.4). 

The major movements at the elbow joint are flexion 
and extension of the forearm (Fig. 7.5 A). At the other end 


of the forearm, the distal end of the lateral bone, the radius, 
ean be flipped over the adjaeent head of the medial bone, 
the ulna. Because the hand is articulated withthe radius, 
it ean be effìeiently moved from a palm-anterior position to 
a palm-posterior position simply by erossing the distal end 
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Lateral rotation 
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Fig. 7.4 Movements of the arm at the glenohumeral joint 
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Palm posterior Palm anterior 


Fig.7.5 Movements of the forearm. A. Flexion and extension at the elbovv joint. B. Pronation and supination. 
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of the radius over the ulna (Fig. 7.5B). This movement, 
termed pronation, occurs solely in the forearm. Supination 
returns the hand to the anatomieal position. 

At the wrist joint, the hand ean be abducted, adducted, 
flexed, extended, and circumducted (Fig. 7.6). These move- 
ments, eombined with those of the shoulder, arm, and 
forearm, enable the hand to be plaeed in a wide range of 
positions relative to the body. 

The hand as a meehanieal tool 

One of the major functions of the hand is to grip and 
manipulate objeets. Gripping objeets generally involves 


flexing the fìngers against the thumb. Depending on the 
type of grip, muscles in the hand aet to: 

modify the aetions of long tendons that emerge from the 
forearm and insert into the digits of the hand, and 
produce eombinations of joint movements within eaeh 
digit that eannot be generated by the long flexor and 
extensor tendons alone eoming from the forearm. 

The hand as a sensory tool 

The hand is used to diseriminate between objeets on the 
basis of touch. The pads on the palmar aspeet of the fìngers 


Abduction Adduction 




Fig. 7.6 Movements of the hand at the vvrist joint. 
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eontain a high density of somatie sensory reeeptors. Also, 
the sensory cortex of the brain devoted to interpreting 
information from the hand, particularly from the thumb, 
is disproportionately large relative to that for many other 
regions of skin. 

(lOMPONENT PARTS 
Bones and joints 

The bones of the shoulder eonsist of the scapula, elaviele, 
and proximal end of the humerus (Fig. 7.7). 

The elaviele articulates medially with the manubrium 
of the sternum and laterally with the aeromion of the 
scapula, which arehes over the joint between the glenoid 
eavity of the scapula and the head of the humerus (the 
glenohumeral joint). 


The humerus is the bone of the arm (Fig. 7 . 7 ). The distal 
end of the humerus articulates with the bones of the 
forearm at the elbow joint, which is a hinge joint that 
allows flexion and extension of the forearm. 

The forearm eontains two bones: 

The lateral bone is the radms. 

The medial bone is the ulna (Fig. 7.7). 

At the elbow joint, the proximal ends of the radius and 
ulna articulate with eaeh other as well as with the humerus. 

In addition to flexing and extending the forearm, the 
elbow joint allows the radius to spin on the humerus while 
sliding against the head of the ulna during pronation and 
supination of the hand. 

The distal portions of the radius and the ulna also artie- 
ulate with eaeh other. This joint allows the end of the 


eiaviele 
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Glenoid eavity 
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Fig.7.7 Bones of the upper limb. 
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radius to flip from the lateral side to the medial side of the 
ulna during pronation of the hand. 

The wrist joint is formed between the radius and earpal 
bones of the hand and between an articular dise, distal to 
the ulna, and earpal bones. 

The bones of the hand eonsist of the earpal bones, the 
metaearpals, and the phalanges (Fig. 7.7). 

The five digits in the hand are the thumb and the index, 
middle, ring, and little fingers. 

Joints between the eight small earpal bones allow only 
limited amounts of movement; as a result, the bones work 
together as a unit. 

The five metaearpals, one for eaeh digit, are the primary 
skeletal foundation of the palm (Fig. 7. 7). 

The joint between the metaearpal of the thumb (meta- 
earpal I) and one of the earpal bones allows greater mobil- 
ity than the limited sliding movement that occurs at the 
earpometaearpal joints of the fingers. 

Distally, the heads of metaearpals II to V (i.e., except that 
of the thumb) are intereonneeted by strong ligaments. 


Laek of this ligamentous eonneetion between the metaear- 
pal bones of the thumb and index finger together with the 
biaxial saddle joint between the metaearpal bone of the 
thumb and the carpus provide the thumb with greater 
freedom of movement than the other digits of the hand. 

The bones of the digits are the phalanges (Fig. 7. 7). The 
thumb has two phalanges, while eaeh of the other digits 
has three. 

The metaearpophalangeal joints are biaxial eondylar 
joints (ellipsoid joints) that allow abduction, adduction, 
flexion, extension, and circumduction (Fig. 7.8). Abduc- 
tion and adduction of the fingers is defined in referenee to 
an axis passing through the eenter of the middle finger in 
the anatomieal position. The middle finger ean therefore 
abduct both medially and laterally and adduct baek to the 
eentral axis from either side. The interphalangeal joints 
are primarily hinge joints that allow only flexion and 
extension. 


Abduction 



A 


Adduction 



Fig. 7.8 Movements of the metaearpophalangeal (A) and interphalangeal (B) joints. 
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Musdes 

Some muscles of the shoulder, such as the trapezhis, 
levator scapulae, and rhomboids, eonneet the scapula and 
elaviele to the trunk. Other imiseles eonneet the elaviele, 
scapula, and body wallto theproximalend of the humerus. 
These include the peetoralis major, peetoralis minor, 


latissimus dorsi, teres major, and deltoid (Fig. 7.9A,B). The 
most important of these muscles are the four rotator cuff 
muscles—the subscapularis, supraspinatus, infraspinatus, 
and teres minor muscles—which eonneet the scapula to 
the humerus and provide support for the glenohumeral 
joint (Fig. 7,9C). 
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Fig.7.9 Muscles of the shoulder. A. Posterior shoulder. B. Anterior shoulder. C. Rotator cuff muscles. 
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Muscles in the arm and forearm are separated into ante- 
rior (flexor) and posterior (extensor) eompartments by 
layers of faseia, bones, and ligaments (Fig. 7.10). 

The anterior eompartment of the arm lies anteriorly in 
position and is separated from muscles of the posterior 
eompartment by the humerus and by medial and lateral 
intermuscular septa. These intermuscular septa are eon- 
tinuous with the deep faseia enelosing the arm and attaeh 
to the sides of the humerus. 

In the forearm, the anterior and posterior eompart- 
ments are separated by a lateral intermuscular septum, the 
radhis, the ulna, and an interosseous membrane, which 
joins adjaeent sides of the radius and ulna (Fig. 7.10). 

Muscles in the arm aet mainly to move the forearm at 
the elbow joint, while those in the forearm function pre- 
dominantly to move the hand at the wrist joint and the 
fingers and thumb. 

Muscles found entirely in the hand, the intrinsie muscles, 
generate delieate movements of the digits of the hand and 


modify the forees produced by tendons eoming into the 
fingers and thumb from the forearm. Included among the 
intrinsie muscles of the hand are three small thenar 
muscles, whichform a soft tissue mound, ealled the thenar 
eminenee, over the palmar aspeet of metaearpal I. The 
thenar muscles allow the thumb to move freely relative to 
the other fingers. 

RELATIONSHIP TO OTHER REGIONS 

Neek 

The upper limb is direetly related to the neek. Lying on eaeh 
side of the superior thoraeie aperture at the base of the 
neek is an axillary inlet, which is formed by: 

the lateral margin of rib I, 

■ the posterior surface of the elaviele, 
the superior margin of the scapula, and 



Thenar 
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Medial Deep faseia Lateral 



lntermuscular septum 



Deep 
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lnterosseous 
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Fig. 7.10 Muscle eomponents in the arm and forearm. 


693 


















































llpper Limb 



the medial surface of the eoraeoid proeess of the scapula 

(Fig. 7.11). 

The major artery and vein of the upper limb pass 
between the thorax and the limb by passing over rib I and 
through the axillary inlet. Nerves, predominantly derived 
from the eervieal portion of the spinal eord, also pass 


through the axillary inlet and the axilla to supply the 
upper limb. 

Baek and thoraeie wall 

Muscles that attaeh the bones of the shoulder to the trunk 
are assoeiated with the baek and the thoraeie wall and 



Medial margin of 
eoraeoid proeess 

Axilla 


Lateral margin of rib I 


Nerves to upper limb 
Axillary inlet 


Superior margin of scapula 
Axillary vein 
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Fig. 7.11 Relationship of the upper limb to the neek. 





















Conceptual overvievv • Key Points 


7 


include the trapezius, levator scapulae, rhomboid major, 
rhomboid minor, and latissirmis dorsi (Fig. 7.12). 

The breast on the anterior thoraeie wall has a number 
of signifieant relationships with the axilla and upper limb. 
It overlies the peetoralis major muscle, which forms most 
of the anterior wall of the axilla and attaehes the humerus 
to the ehest wall (Fig. 7.13). Often, part of the breast 
known as the axillary proeess extends around the lateral 
margin of the peetoralis major into the axilla. 

Lymphatie drainage from lateral and superior parts 
of the breast is predominantly into lymph nodes in the 


axilla. Several arteries and veins that supply or drain the 
gland also originate from, or drain into, major axillary 
vessels. 

KEY POINTS 

Innervation by eervieal and upper 
thoraeie nerves 

Innervation of the upper limb is by the braehial plexus, 
which is formed by the anterior rami of eervieal spinal 



Trapezius 


Levator scapulae 


Rhomboid minor 


Rhomboaef major 


Latissimus dorsi 


Fig. 7.12 Muscles of the baek and thoraeie wall. 
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Latissimus dorsi from baek 
Fig. 7.13 Breast. 
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nerves C5 to C8, and T1 (Fig. 7.14). This plexus is initially 
formed in the neek and then continues through the axil- 
lary inlet into the axilla. Major nerves that ultimately 
innervate the arm, forearm, and hand originate from the 
braehial plexus in the axilla. 

As a consequence of this innervation pattern, elinieal 
testing of lower eervieal and T1 nerves is earried out by 
examining dermatomes, myotomes, and tendon reflexes in 
the upper limb. Another consequence is that the elinieal 
signs of problems related to lower eervieal nerves—pain; 
pins-and-needles sensations, or paresthesia; and imisele 
twitching—appear in the upper limb. 

Dermatomes of the upper limb (Fig. 7.15A) are often 
tested for sensation. Areas where overlap of dermatomes is 
minimal include the: 

upper lateral region of the arm for spinal eord level C5, 
palmar pad of the thumb for spinal eord level C6, 

■ pad of the index finger for spinal eord level C7, 
pad of the little finger for spinal eord level C8, and 
skin on the medial aspeet of the elbow for spinal eord 
le vel T1. 


Seleeted joint movements are used to test myotomes 
(Fig. 7.15B): 

Abduction of the arm at the glenohumeral joint is eon- 
trolled predominantly by C5. 

■ Flexion of the forearm at the elbow joint is eontrolled 
primarily by C6. 

■ Extension of the forearm at the elbow joint is eontrolled 
mainly by C7. 

Flexion of the fingers is eontrolled mainly by C8. 
Abduction and adduction of the index, middle, and ring 
fingers is eontrolled predominantly by Tl. 

In an unconscious patient, both somatie sensory and 
motor functions of spinal eord levels ean be tested using 
tendon reflexes: 

A tap on the tendon of the bieeps in the cubital fossa 
tests mainly for spinal eord level C6. 

A tap on the tendon of the trieeps posterior to the elbow 
tests mainly for C7. 


Nerves 
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Median nerve 
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lllnar nerve 
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Fig. 7.14 Innervation of the upper limb. 
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Fig. 7.15 Dermatomes and myotomes in the upper limb. A. Dermatomes. B. Movements produced by myotomes. 
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The major spinal eord level assoeiated with innervation 
of the diaphragm, C4, is immediately above the spinal eord 
levels assoeiated with the upper limb. 

Evaluation of dermatomes and myotomes in the upper 
limb ean provide important information about potential 
breathing problems that might develop as eomplieations of 
damage to the spinal eord in regions just below the C4 
spinal level. 


Eaeh of the major muscle eompartments in the arm 
and forearm and eaeh of the intrinsie muscles of the hand 
is innervated predominantly by one of the major nerves 
that originate from the braehial plexus in the axilla 

(Fig. 7.16A): 


Musculocutaneous nerve 
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Median nerve 
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• Thenar muscles in hand 
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Fig. 7.16 Nerves of upper limb. A. Major nerves in the arm and forearm. B. Anterior and posterior areas of skin innervated by major 
peripheral nerves in the arm and forearm. 
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All muscles in the anterior eompartment of the arm are 
innervated by the musculocutaneous nerve. 

The median nerve innervates the muscles in the ante- 
rior eompartment of the forearm, with two exceptions— 
one flexor of the wrist (the flexor earpi ulnaris muscle) 
and part of one flexor of the fìngers (the medial half of 
the flexor digitorum profundus muscle) are innervated 
by the ulnar nerve. 

Most intrinsie muscles of the hand are innervated by the 
ulnar nerve, except for the thenar muscles and two 
lateral lumbrical muscles, which are innervated by the 
median nerve. 

All muscles in the posterior eompartments of the arm 
and forearm are innervated by the radial nerve. 

In addition to innervating major muscle groups, eaeh 
of the major peripheral nerves originating from the 
braehial plexus earries somatie sensory information 
from patehes of skin quite different from dermatomes 
(Fig. 7.16B). Sensation in these areas ean be used to test 
for peripheral nerve lesions: 

The musculocutaneous nerve innervates skin on the 
anterolateral side of the forearm. 

The median nerve innervates the palmar surface of the 
lateral three and one-half digits, and the ulnar nerve 
innervates the medial one and one-half digits. 

The radial nerve supplies skin on the posterior surface 
of the forearm and the dorsolateral surface of the hand. 

Nerves related to bone 

Three important nerves are direetly related to parts of the 
humerus (Fig. 7.17): 

The axillary nerve, which supplies the deltoid muscle, a 
major abductor of the humerus at the glenohumeral 
joint, passes around the posterior aspeet of the upper 
part of the humerus (the surgical neek). 

The radial nerve, which supplies all of the extensor 
muscles of the upper limb, passes diagonally around the 



Fig. 7.17 Nerves related to the humerus. 


posterior surface of the middle of the humerus in the 
radial groove. 

The ulnar nerve, which is ultimately destined for the 
hand, passes posteriorly to a bony protrusion, the medial 
epieondyle, on the medial side of the distal end of the 
humerus. 

Fractures of the humerus in any one of these three 
regions ean endanger the related nerve. 
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Siiperfìeial veins 

Large veins embedded in the superficial faseia of the upper 
limb are often used to aeeess a patient’s vascular system 
and to withdraw blood. The most signifieant of these 
veins are the eephalie, basilie, and median cubital veins 

(Fig. 7.18). 

The eephalie and basilie veins originate from the 
dorsal venous network on the baek of the hand. 

The eephalie vein originates over the anatomieal snuff- 
box at the base of the thumb, passes laterally around the 
distal forearm to reaeh the anterolateral surface of the 
limb, and then continues proximally. It erosses the elbow, 
then passes up the arm into a triangular depression—the 


elavipeetoral triangle (deltopeetoral triangle)— 

between the peetoralis major muscle, deltoid muscle, and 
elaviele. In this depression, the vein passes into the axilla 
by penetrating deep faseia just inferior to the elaviele. 

The basilie vein originates from the medial side of the 
dorsal venous network of the hand and passes proximally 
up the posteromedial surface of the forearm. It passes onto 
the anterior surface of the limb just inferior to the elbow 
and then continues proximally to penetrate deep faseia 
about midway up the arm. 

At the elbow, the eephalie and basilie veins are eon- 
neeted by the median cubital vein, which erosses the 
roof of the cubital fossa. 
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Fig. 7.18 Veins in the superficial faseia of upper limb. The area of the cubital fossa is shown in yellow. 
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Orientation of the thumb 

The thumb is positioned at right angles to the orientation 
of the index, middle, ring, and little fingers (Fig. 7.19). As 
a result, movements of the thumb occur at right angles to 
those of the other digits. For example, flexion brings the 
thumb aeross the palm, whereas abduction moves it away 
from the fingers at right angles to the palm. 


Importantly, with the thumb positioned at right angles 
to the palm, only a slight rotation of metaearpal I on the 
wrist brings the pad of the thumb into a position direetly 
faeing the pads of the other fingers. This opposition of the 
thumb is essential for normal hand function. 





Adduction 


C 



Opposition 
of thumb 


Fig. 7.19 A to C. Movements of the thumb. 
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Regional anatomy 

SHOULDER 


The shoulder is the region of upper limb attaehment to 
the tmnk. 

The bone framework of the shoulder eonsists of: 

the elaviele and scapula, which form the peetoral 
girdle (shoulder girdle), and 

the proximal end of the humerus. 

The superficial muscles of the shoulder eonsist of the 
trapezhis and deltoid muscles, which together form the 
smooth muscular contour over the lateral part of the 
shoulder. These muscles eonneet the scapula and elaviele 
to the trunk and to the arm, respeetively. 

Bones 

daviele 

The elaviele is the only bony attaehment between the tmnk 
and the upper limb. It is palpable along its entire length and 
has a gentle S-shaped contour, with the forward-facing 
convex part medial and the forward-facing eoneave part 
lateral. The aeromial (lateral) end of the elaviele is flat, 
whereas the sternal (medial) end is more robust and some- 
what quadrangular in shape (Fig. 7.20). 

The aeromial end of the elaviele has a small oval faeet 
on its surface for articulation with a similar faeet on the 
medial surface of the aeromion of the scapula. 

The sternal end has a much larger faeetfor articulation 
mainly with the manubrium of the sternum, and to a lesser 
extent, with the first eostal eartilage. 

The inferior surface of the lateral third of the elaviele 
possesses a distinet tuberosity eonsisting of a tubercle 
(the eonoid tubercle) and lateral roughening (the trap- 
ezoid line), for attaehment of the important eoraeoela- 
vicular ligament. 

In addition, the surfaces and margins of the elaviele are 
roughened by the attaehment of imiseles that eonneet the 
elaviele to the thorax, neek, and upper limb. The superior 
surface is smoother than the inferior surface. 

Scapula 

The scapula is a large, flat triangular bone with: 

three angles (lateral, superior, and inferior), 
three borders (superior, lateral, and medial), 
two surfaces (eostal and posterior), and 
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Fig. 7.20 Right elaviele. 


three proeesses (aeromion, spine, and eoraeoid proeess) 

(Fig. 7.21). 

The lateral angle of the scapula is marked by a shallow, 
somewhat eomma-shaped glenoid eavity, which articu- 
lates with the head of the humerus to form the glenohu- 
meral joint (Fig. 7.21 B,C). 

A large triangular-shaped roughening (the infragle- 
noid tubercle) inferior to the glenoid eavity is the site of 
attaehment for the long head of the tricepsbrachiimuscle. 

A less distinet supraglenoid tubercle is loeated supe- 
rior to the glenoid eavity and is the site of attaehment for 
the long head of the bieeps braehii muscle. 

A prominent spine subdivides the posterior surface 
of the scapula into a small, superior supraspinous 
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Fig. 7.21 Scapula. A. Posterior view of right scapula. B. Anterior view of eostal surface. C. Lateral view. 
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fossa and a much larger, inferior infraspinous fossa 

(Fig. 7.21A). 

The aeromion, which is an anterolateral projeetion 
of the spine, arehes over the glenohumeral joint and artie- 
ulates, via a small oval faeet on its distal end, with the 
elaviele. 

The region between the lateral angle of the scapula and 
the attaehment of the spine to the posterior surface of the 
scapula is the greater scapular noteh (spinoglenoid 
noteh). 

Unlike the posterior surface, the eostal surface of the 
scapula is unremarkable, being eharaeterized by a shallow 
eoneave subscapular fossa over much of its extent 
(Fig. 7.21B). The eostal surface and margins provide for 
muscle attaehment, and the eostal surface, together with 
its related muscle (subscapularis), moves freely over the 
underlying thoraeie wall. 

The lateral border of the scapula is strong and thiek for 
muscle attaehment, whereas the medial border and much 
of the superior border is thin and sharp. 

The superior border is marked on its lateral end by: 

the eoraeoid proeess, a hook-like structure that pro- 

jeets anterolaterally and is positioned direetly inferior to 

the lateral part of the elaviele; and 

the small but distinet suprascapular noteh, which 

lies immediately medial to the root of the eoraeoid 

proeess. 

The spine and aeromion ean be readily palpated on 
a patient, as ean the tip of the eoraeoid proeess, the 
inferior angle, and much of the medial border of the 
scapula. 

Proximal humerus 

The proximal end of the humerus eonsists of thehead, the 
anatomieal neek, the greater and lesser tubercles, the sur- 
gieal neek, and the superior half of the shaft of the humerus 

(Fig. 7.22). 

The head is half-spherieal in shape and projeets medi- 
ally and somewhat superiorly to articulate with the much 
smaller glenoid eavity of the scapula. 

The anatomieal neek is very short and is formed by a 
narrow eonstrietion immediately distal to the head. It lies 
between the head and the greater and lesser tubercles lat- 
erally, and between the head and the shaft more medially. 

Greater and lesser tubercles 

The greater and lesser tubercles are prominent land- 
marks on the proximal end of the humerus and serve as 
attaehment sites for the four rotator cuff muscles of the 
704 glenohumeral joint. 
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Fig. 7.22 Proximal end of right humerus. 


The greater tubercle is lateral in position. Its superior 
surface and posterior surface are marked by three large 
smooth faeets for muscle tendon attaehments: 

■ The superior faeet is for attaehment of the supraspina- 
tus muscle. 

■ The middle faeet is for attaehment of the infraspinatus. 
The inferior faeet is for attaehment of the teres minor. 

The lesser tubercle is anterior in position and its surface 
is marked by a large smooth impression for attaehment of 
the subscapularis muscle. 

A deep intertubercular sulcus (bieipital groove) 

separates the lesser and greater tubercles and continues 
inferiorly onto the proximal shaft of the humerus 
(Fig. 7.22). The tendon of the long head of the bieeps 
braehii passes through this sulcus. 
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Roughenings on the lateral and medial lips and on the 
floor of the intertubercular sulcus mark sites for the attaeh- 
ment of the peetoralis major, teres major, and latissimus 
dorsi muscles, respeetively. 

The lateral lip of the intertubercular sulcus is continu- 
ous inferiorly with a large V-shaped deltoid tuberosity on 
the lateral surface of the humerus midway along its length 
(Fig. 7.22), which is where the deltoid muscle inserts onto 
the humerus. 

In approximately the same position, but on the medial 
surface of the bone, there is a thin vertieal roughening for 
attaehment of the eoraeobraehialis muscle. 

Surgical neek 

One of the most important features of the proximal end of 
the humerus is the surgical neek (Fig. 7.22). This region 
is oriented in the horizontal plane between the expanded 
proximal part of the humerus (head, anatomieal neek, and 
tubercles) and the narrower shaft. The axillary nerve and 
the posterior circumflex humeral artery, which pass into 
the deltoid region from the axilla, do so immediately poste- 
rior to the surgical neek. Because the surgical neek is 
weaker than more proximal regions of the bone, it is one 
of the sites where the humerus eommonly fractures. The 
assoeiated nerve (axillary) and artery (posterior circumflex 
humeral) ean be damaged by fractures in this region. 


In the elinie 

Fracture of the proximal humerus 

It is extremely rare for fractures to occur aeross the 
anatomieal neek of the humerus because the obliquity 
of such a fracture would have to traverse the thiekest 
region of bone. Typieally fractures occur around the 
surgical neek of the humerus. Although the axillary 
nerve and posterior circumflex humeral artery may be 
damaged with this type of fracture, this rarely happens. 
It is important that the axillary nerve is tested before 
reloeation to be sure that the injury has not damaged 
the nerve and that the treatment itself does not cause a 
neurological defieit. 


Joints 

The three joints in the shoulder complex are the sternoela- 
vicular, acromioclavicular, and glenohumeral joints. 

The sternoclavicular joint and the acromioclavicular 
joint link the two bones of the peetoral girdle to eaeh other 
and to the trunk. The eombined movements at these two 
joints enable the scapula to be positioned over a wide range 
on the thoraeie wall, substantially inereasing “reaeh” by 
the upper limb. 


The glenohumeral joint (shoulder joint) is the articula- 
tion between the humerus of the arm and the scapula. 

Sternodavicular joint 

The sternoclavicular joint occurs between the proximal 
end of the elaviele and the davicular noteh of the manu- 
brium of the sternum together with a small part of the 
fìrst eostal eartilage (Fig. 7.23). It is synovial and saddle 
shaped. The articular eavity is eompletely separated into 
two eompartments by an articular dise. The sternoclavicu- 
lar joint allows movement of the elaviele, predominantly 
in the anteroposterior and vertieal planes, although some 
rotation also occurs. 

The sternoclavicular joint is surrounded by a joint 
capsule and is reinforeed by four ligaments: 

The anterior and posterior sternoclavicular liga- 
ments are anterior and posterior, respeetively, to the 
joint. 
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Fig. 7.23 Sternoclavicular joint. A. Bones and ligaments. 
B. Volume-rendered reeonstmetion using multidetector 
computed tomography. 
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An interclavicular ligament links the ends of the two 

elavieles to eaeh other and to the superior surface of the 
manubrium of the sternum. 

The costoclavicular ligament is positioned laterally 
to the joint and links the proximal end of the elaviele to 
the fìrst rib and related eostal eartilage. 

Acromiodavicular joint 

The acromioclavicular joint is a small synovial joint 
between an oval faeet on the medial surface of the aero- 
mion and a similar faeet on the aeromial end of the elaviele 
(Fig. 7.24, also see Fig. 7.31). It allows movement in the 
anteroposterior and vertieal planes together with some 
axial rotation. 

The acromioclavicular joint is surrounded by a joint 
capsule and is reinforeed by: 


a small acromioclavicular ligament superior to the 
joint and passing between adjaeent regions of the elav- 
iele and aeromion, and 

a much larger coracoclavicular ligament, which is 
not direetly related to the joint, but is an important 
strong aeeessory ligament, providing much of the 
weight-bearing support for the upper limb on the elavi- 
ele and maintaining the position of the elaviele on the 
aeromion—it spans the distanee between the eoraeoid 
proeess of the scapula and the inferior surface of the 
aeromial end of the elaviele and eomprises an anterior 
trapezoid ligament (which attaehes to the trapezoid 
line on the elaviele) and a posterior eonoid ligament 
(which attaehes to the related eonoid tubercle). 


Acromioclavicular ligament 



Goraeoíd proeess 



Coracoclavicular ligament 
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Fig. 7.24 Right acromioclavicular joint. 
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Glenohiimeral joint 

The glenohumeral joint is a synovial ball and soeket 
articulation between the head of the humerus and the 
glenoid eavity of the scapula (Fig. 7.25). It is multiaxial 
with a wide range of movements provided at the eost of 
skeletal stability. Joint stability is provided, instead, by the 
rotator cuff muscles, the long head of the bieeps braehii 
muscle, related bony proeesses, and extracapsular liga- 
ments. Movements at the joint include flexion, extension, 
abduction, adduction, medial rotation, lateral rotation, 
and circumduction. 


The articular surfaces of the glenohumeral joint are the 
large spherieal head of the humerus and the small glenoid 
eavity of the scapula (Fig. 7.25). Eaeh of the surfaces is 
eovered by hyaline eartilage. 

The glenoid eavity is deepened and expanded peripher- 
ally by a fibrocartilaginous eollar (the glenoid labrum), 
which attaehes to the margin of the fossa. Superiorly, this 
labmrn is continuous with the tendon of the long head of 
the bieeps braehii muscle, which attaehes to the supragle- 
noid tubercle and passes through the articular eavity supe- 
rior to the head of the humerus. 


Glenoid labrum 


Glenoid eavity 


Tendon of long 
head of bieeps 
braehii miisele 


Head of 
humerus 


A 



Glenoid eavity 



Head of humerus 


Fig.7.25 Glenohumeral joint. A. Articular surfaces of right glenohumeral joint. B. Radiograph of a normal glenohumeral joint. 
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The synovial membrane attaehes to the margins of the 
articular surfaces and lines the fibrous membrane of the 
joint capsule (Fig. 7.26). The synovial membrane is loose 
inferiorly. This redundant region of synovial membrane 
and related fibrous membrane aeeommodates abduction of 
the arm. 

The synovialmembrane protmdes through apertures in 
the fibrous membrane to form bursae, which lie between 
the tendons of surrounding muscles and the fibrous mem- 
brane. The most eonsistent of these is the subtendinous 
bursa of the subscapularis, which lies between the sub- 
scapularis muscle and the fibrous membrane. The synovial 
membrane also folds around the tendon of the long head 
of the bieeps braehii muscle in the joint and extends along 
the tendon as it passes into the intertubercular sulcus. All 
these synovial structures reduce frietion between the 
tendons and adjaeent joint capsule and bone. 

In addition to bursae that eomrminieate with the articu- 
lar eavity through apertures in the fibrous membrane, 
other bursae are assoeiated with the joint but are not eon- 
neeted to it. These occur: 

between the aeromion (or deltoid muscle) and supraspi- 
natus muscle (or joint capsule) (the subacromial or 
subdeltoid bursa), 
between the aeromion and skin, 
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Fig. 7.26 Synovial membrane and joint capsule of right 
glenohumeral joint. 


between the eoraeoid proeess and the joint capsule, and 
■ in relationship to tendons of muscles around the joint 
(eoraeobraehialis, teres major, long head of trieeps 
braehii, and latissimus dorsi muscles). 


The fibrous membrane of the joint capsule attaehes 
to the margin of the glenoid eavity, outside the attaehment 
of the glenoid labmm and the long head of the bieeps 
braehii muscle, and to the anatomieal neek of the humerus 

(Fig. 7.27). 

On the humerus, the medial attaehment occurs more 
inferiorly than the neek and extends onto the shaft. In this 
region, the fibrous membrane is also loose or folded in the 
anatomieal position. This redundant area of the fibrous 
membrane aeeommodates abduction of the arm. 

Openings in the fibrous membrane provide continuity 
of the articular eavity with bursae that occur between the 
joint capsule and surrounding muscles and around the 
tendon of the long head of the bieeps braehii muscle in the 
intertubercular sulcus. 

The fibrous membrane of the joint capsule is 
thiekened: 


anterosuperiorly in three loeations to form superior, 
middle, and inferior glenohumeral ligaments, 

which pass from the superomedial margin of the glenoid 
eavity to the lesser tubercle and inferiorly related ana- 
tomieal neek of the humerus (Fig. 7.27); 
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Fig. 7.27 Capsule of right glenohumeral joint. 
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siiperiorly between the base of the eoraeoid proeess and 
the greater tubercle of the humerus (the coracohu- 
meral ligament); and 

between the greater and lesser tubercles of the humerus 
(transverse humeral ligament)—this holds the 
tendon of the long head of the bieeps braehii muscle in 
the intertubercular sulcus (Fig. 7.27). 


Joint stability is provided by surrounding muscle tendons 
and a skeletal areh formed superiorly by the eoraeoid 
proeess and aeromion and the eoraeo-aeromial ligament 

(Fig. 7.28). 

Tendons of the rotator cuff muscles (the supraspinatus, 
infraspinatus, teres minor, and subscapularis muscles) 
blend with the joint capsule and form a musculotendinous 
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Fig. 7.28 Lateral view of right glenohumeral joint and surrounding muscles with proximal end of humerus removed. 
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eollar that surrounds the posterior, superior, and anterior 
aspeets of the glenohumeral joint (Figs. 7.28 and 7.29). 
This cuff of muscles stabilizes and holds the head of the 
humerus in the glenoid eavity of the scapula without eom- 
promising the arm’s flexibility and range of motion. The 
tendon of the long head of the bieeps braehii muscle passes 
superiorly through the joint and restriets upward move- 
ment of the humeral head on the glenoid eavity. 


Vascular supply to the glenohmneral joint is predomi- 
nantly through branehes of the anterior and posterior eir- 
cumflex humeral and suprascapular arteries. 

The glenohumeral joint is innervated by branehes from 
the posterior eord of the braehial plexus, and from the 
suprascapular, axillary, and lateral peetoral nerves. 


Infraspinatus 



Glaviele 



Teres minor 


Head of humerus 


Subscapu!aris 


Coracoid proeess 


Fig. 7.29 Magnetie resonanee image (Tl-weighted) of a normal glenohumeral joint in the sagittal plane. 




















Regional anatomy • Shoulder 


7 


ln the elinie 

Fractures of the davide and disloeations of the 
acromiodavicular and sternoclavicular joints 

The elaviele provides osseous continuity betvveen the 
upper limb and thorax. Given its relative size and the 
potential forees that it transmits from the upper limb to 
the trunk, it is not surprising that it is often fractured. The 
typieal site of fracture is the middle third (Fig. 7.30). The 
medial and lateral thirds are rarely fractured. 

The aeromial end of the elaviele tends to disloeate at 
the acromioclavicular joint with trauma (Fig. 7.31). The 
outer third of the elaviele is joined to the scapula by the 
eonoid and trapezoid ligaments of the coracoclavicular 
ligament. 

A minor injury tends to tear the fìbrous joint capsule 
and ligaments of the acromioclavicular joint, resulting in 
acromioclavicular separation on a plain radiograph. More 
severe trauma will disrupt the eonoid and trapezoid 
ligaments of the coracoclavicular ligament, which results 
in elevation and upward subluxation of the elaviele. 


r Fracture of eiaviele 



Acromioclavicular joint 


Fig.7.30 There is an oblique fracture of the middle third of 
the right elaviele. 


The typieal injury at the medial end of the elaviele is an 
anterior or posterior disloeation of the sternoclavicular 
joint. Importantly, a posterior disloeation of the elaviele 
may impinge on the great vessels in the root of the neek 
and eompress or disrupt them. 


Acromioclavicular joint 



Humerus 



Fig. 7.31 Radiographs of acromioclavicular joints. A. Normal 
right acromioclavicular joint. B. Disloeated right 
acromioclavicular joint. 
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ln the elinie 

Disloeations of the glenohumeral joint 

The glenohumeral joint is extremely mobile, providing 
a wide range of movement at the expense of stability. 
The relatively small bony glenoid eavity, supplemented 
by the less robust fibrocartilaginous glenoid labrum 
and the ligamentous support, make it susceptible 
to disloeation. 

Anterior disloeation (Fig. 7.32) occurs most 
frequently and is usually assoeiated with an isolated 
traumatic ineident (elinieally, all anterior disloeations 
are anteroinferior). In some eases, the anteroinferior 
glenoid labrum is torn with or without a small bony 
fragment. Onee the joint capsule and eartilage are 
disrupted r the joint is susceptible to further (recurrent) 
disloeations. When an anteroinferior disloeation occurs, 
the axillary nerve may be injured by direet eompression 
of the humeral head on the nerve inferiorly as it passes 
through the quadrangular spaee. Furthermore, the 
"lengthening" effeet of the humerus may streteh the 
radial nerve, which is tightly bound within the radial 
groove, and produce a radial nerve paralysis. 
Oeeasionally, an anteroinferior disloeation is assoeiated 
with a fracture, which may require surgical reduction. 

Posterior disloeation is extremely rare; when seen, 
the elinieian should focus on its cause, the most 
eommon being extremely vigorous muscle eontraetions, 
which may be assoeiated with an epileptie seizure 
caused by electrocution. 


Glenoid eavity 



Head of 



Fig. 7.32 Radiograph showing an anteroinferior disloeation 
of the shoulder joint. 


In the elinie 

Rotator cuff disorders 

The two main disorders of the rotator cuff are 
impingement and tendinopathy. The muscle most 
eommonly involved is supraspinatus as it passes 
beneath the aeromion and the acromioclavicular 
ligament. This spaee, beneath which the supraspinatus 
tendon passes, is of fixed dimensions. Swelling of 
the supraspinatus muscle, excessive fluid within 
the subacromial/subdeltoid bursa, or subacromial bony 
spurs may produce signifieant impingement when 
the arm is abducted. 

The blood supply to the supraspinatus tendon is 
relatively poor. Repeated trauma, in eertain 
circumstances, makes the tendon susceptible to 
degenerative ehange, which may result in calcium 
deposition, producing extreme pain. 

When the supraspinatus tendon has undergone 
signifieant degenerative ehange, it is more susceptible 
to trauma, and partial- or full-thickness tears may 
develop (Fig. 7.33). These tears are most eommon 
in older patients and may result in eonsiderable 
difficulty in earrying out normal aetivities of daily living 
such as eombing hair. However, eomplete tears may be 
entirely unsymptomatic. 


rTorn supraspinatus tendon 



Hijmeral head 


Fig. 7.33 Magnetie resonanee image of a full-thickness tear 
of the supraspinatus tendon as it inserts onto the greater 
tubercle of the humerus. 
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ln the elinie 

Inflammation of the siibaeromial (subdeltoid) 
bursa 

Between the supraspinatus and deltoid muscles laterally 
and the aeromion medially, there is a bursa referred to 
elinieally as the subacromial or subdeltoid bursa. In 
patients who have injured the shoulder or who have 
supraspinatus tendinopathy, this bursa may beeome 
inflamed, making movements of the glenohumeral joint 
painful. These inflammatory ehanges may be treated by 
injeetion of a eortieosteroid and loeal anesthetie agent 
(Fig. 7.34). 


Musdes 

The two most siiperfieial muscles of the shoulder are the 
trapezius and deltoid muscles (Fig. 7.35 and Table 7.1). 
Together, they provide the eharaeteristie contour of the 
shoulder: 

The trapezius attaehes the scapula and elaviele to the 
trank. 

The deltoid attaehes the scapula and elaviele to the 
humerus. 



$ubdeitoid bur$a 


Meedle 




Head of 



Fig. 7.34 Ultrasound of shoulder shovving needle plaeement 
into the subdeltoid/subacromial bursa. 



Deltoid tuberosity of humerus 


Fig.7.35 Lateral view of trapezius and deltoid muscles. 
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Table 7.1 Muscles of the shoulder (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Trapezius 


Deltoid 


Levator 

scapulae 


Function 


Origin 

Superior nuchal line, external 
oeeipital protuberance, medial 
margin of the ligamentum 
nuchae, spinous proeesses 
of CVII to TXII and the related 
supraspinous ligaments 

Inferior edge of the erest 
of the spine of the scapula, 
lateral margin of the 
aeromion, anterior border 
of lateral one-third of elaviele 

Transverse proeesses of Cl 
and Cll vertebrae and 
posterior tubercles of 
transverse proeesses of Clll 
and CIV vertebrae 


Insertion 

Superior edge of the erest of 
the spine of the scapula, 
aeromion, posterior border 
of lateral one-third of elaviele 


Deltoid tuberosity of 
humerus 


Posterior surface of medial 
border of scapula from 
superior angle to root of 
spineof the scapula 


Innervation 

Motor spinal part of 
aeeessory nerve (XI). Sensory 
(proprioeeption) anterior 
rami of C3 and C4 


Axillary nerve (C5 7 C6) 


Branehes direetly from 
anterior rami of C3 and C4 
spinal nerves and by 
branehes (C5) from the dorsal 
scapular nerve 


Powerful elevator of the scapula; 
rotates the scapula during 
abduction of humerus above 
horizontal; middle fibers retraet 
scapula; lower fibers depress 
scapula 

Major abductor of arm (abducts 
arm beyond initial 15° done by 
supraspinatus); clavicular fibers 
assist in flexing the arm; posterior 
fibers assist in extending the arm 


Elevates the scapula 


Rhomboid Lower end of ligamentum Posterior surface of medial Dorsal scapular nerve (C4, C5) Elevates and retraets the scapula 

minor nuchae and spinous proeesses border of scapula at the root 

of CVII and Tl vertebrae of the spine of the scapula 

Rhomboid Spinous proeesses of TII-TV Posterior surface of medial Dorsal scapular nerve Elevates and retraets the scapula 

major vertebrae and intervening borderof scapula from the (C4 7 C5) 

supraspinous ligaments root of the spine of the 

scapula to the inferior angle 


Boththe trapeziiis and deltoid are attaehed to opposing 
surfaces and margins of the spine of the scapula, aero- 
mion, and elaviele. The scapula, aeromion, and elaviele 
ean be palpated between the attaehments of the trapezius 
and deltoid. 

Deep to the trapezhis the scapula is attaehed to the ver- 
tebral column by three muscles—the levator scapulae, 
rhomboidminor, and rhomboid major. These three muscles 
work with the trapezius (and with muscles found anteri- 
orly) to position the scapula on the trunk. 

Trapezius 

The trapezius muscle has an extensive origin from the 
axial skeleton, which includes sites on the skull and the 
vertebrae, from CI to TXII (Fig. 7.36). From CI to CVII, 
the muscle attaehes to the vertebrae through the liga- 
mentum nuchae. The muscle inserts onto the skeletal 
framework of the shoulder along the inner margins of a 
continuous U-shaped line of attaehment oriented in the 
horizontal plane, with the bottom of the U direeted laterally. 
Together, the left and right trapezius muscles form a diamond 
or trapezoid shape, from which the name is derived. 

The trapezius muscle is a powerful elevator of the 
shoulder and also rotates the scapula to extend the reaeh 
superiorly. 

Innervation of the trapezius muscle is by the aeeessory 
714 nerve [XI] and the anterior rami of eervieal nerves C 3 and 


C4 (Fig. 7.36). These nerves pass vertieally along the deep 
surface of the muscle. The aeeessory nerve ean be evalu- 
ated by testing the function of the trapezius muscle. This is 
most easily done by asking patients to shrug their shoul- 
ders against resistanee. 

Deltoid 

The deltoid muscle is large and triangular in shape, with 
its base attaehed to the scapula and elaviele and its apex 
attaehed to the humerus (Fig. 7.36). It originates along a 
continuous U-shaped line of attaehment to the elaviele and 
the scapula, mirroring the adjaeent insertion sites of the 
trapezhis muscle. It inserts into the deltoid tuberosity on 
the lateral surface of the shaft of the humerus. 

The major function of the deltoid muscle is abduction 
of the arm beyond the initial 15° aeeomplished by the 
supraspinatus muscle. 

The deltoid muscle is innervated by the axillary nerve, 
which is a braneh of the posterior eord of the braehial 
plexus. The axillary nerve and assoeiated blood vessels (the 
posterior circumflex humeral artery and vein) enter the 
deltoid by passing posteriorly around the surgical neek of 
the humerus. 

Levator scapulae 

The levator scapulae originates from the transverse pro- 
eesses of CI to CIV vertebrae (Fig. 7.36). It deseends 
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Fig. 7.36 Attaehments and neurovascular supply of the trapezius and deltoid muscles. 


laterally to attaeh to the posterior surface of the medial 
border of the scapula from the superior angle to the smooth 
triangular area of bone at the root of the spine. 

The levator scapulae muscle is innervated by the dorsal 
scapular nerve and direetly from C3 and C4 spinal nerves. 
The levator scapulae elevates the scapula. 

Rhomboid minor and major 

The rhomboidminor and major muscles attaeh medially to 
the vertebral column and deseend laterally to attaeh to the 
medial border of the scapula inferior to the levator scapu- 
lae muscle (Fig. 7.36). 


The rhomboid minor originates from the lower end of 
the ligamentum nuchae and the spines of CVII and TI ver- 
tebrae. It inserts laterally into the smooth triangular area 
of bone at the root of the spine of the scapula on the pos- 
terior surface. 

The rhomboid major originates from the spines of ver- 
tebrae TII to TV and from the intervening supraspinous 
ligaments. It deseends laterally to insert along the posterior 
surface of the medial border of the scapula from the inser- 
tion of the rhomboid minor to the inferior angle. 

The rhomboid muscles are innervated by the dorsal 
scapular nerve, which is a braneh of the braehial plexus. 
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The rhomboid minor and major retraet and elevate the 
scapula. 

POSTERIOR SCAPULAR REGION 

The posterior scapular region occupies the posterior aspeet 
of the scapula and is loeated deep to the trapezhis and 
deltoid imiseles (Fig. 7.37 and Table 7.2). It eontains four 
muscles, which pass between the scapula and proximal end 
of the humerus: the supraspinatus, infraspinatus, teres 
minor, and teres major muscles. 


The posterior scapular region also eontains part of one 
additional muscle, the long head of the trieeps braehii, 
which passes between the scapula and the proximal end of 
the forearm. This muscle, along with other imiseles of the 
region and the humerus, partieipates in forming a number 
of spaees through which nerves and vessels enter and leave 
the region. 

The supraspinatus, infraspinatus, and teres minor 
muscles are eomponents of the rotator cuff, which stabi- 
lizes the glenohumeral joint. 
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Fig. 7.37 Right posterior scapular region. 
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Table 7.2 Muscles of the posterior scapular region (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Supraspinatus 

Medial two-thirds of the 
supraspinous fossa of the scapula 
and the deep faseia that eovers 
the muscle 

Most superior faeet on the 
greater tubercle of the humerus 

Suprascapular nerve 
(C5, C6) 

Rotator cuff muscle; initiation 
of abduction of arm to 15° 
at glenohumeral joint 

lnfraspinatus 

Medial two-thirds of the 
infraspinous fossa of the scapula 
and the deep faseia that eovers 
the muscle 

Middle faeet on posterior surface 
of the greater tubercle of the 
humerus 

Suprascapular nerve 
(C5, C6) 

Rotator cuff muscle; lateral 
rotation of arm at the 
glenohumeral joint 

Teres minor 

Upper two-thirds of a flattened 
strip of bone on the posterior 
surface of the scapula 
immediately adjaeent to the 
lateral border of the scapula 

Inferior faeet on the posterior 
surface of the greater tubercle of 
the humerus 

Axillary nerve 
(C5, C6) 

Rotator cuff muscle; lateral 
rotation of arm at the 
glenohumeral joint 

Teres major 

Elongate oval area on the 
posterior surface of the inferior 
angle of the scapula 

Medial lip of the intertubercular 
sulcus on the anterior surface of 
the humerus 

Inferior subscapular 
nerve (C5,C6,C7) 

Medial rotation and extension 
of the arm at the 
glenohumeral joint 

Long head of 
trieeps braehii 

Infraglenoid tubercle on scapula 

Common tendon of insertion 
with medial and lateral heads on 
the oleeranon proeess of ulna 

Radial nerve 
(C6, C7, C8) 

Extension of the forearm at 
the elbow joint; aeeessory 
adductor and extensor of the 


arm at the glenohumeral joint 


Musdes 

Supraspinatus and infraspinatus 

The supraspinatus and infraspinatus muscles originate 
from two large fossae, one above and one below the spine, 
on the posterior surface of the scapula (Fig. 7.37). They 
form tendons that insert on the greater tubercle of the 
humerus. 

The tendon of the supraspinatus passes under the aero- 
mion, where it is separated from the bone by a subacro- 
mial bursa, passes over the glenohumeral joint, and 
inserts on the superior faeet of the greater tubercle. 
The tendon of the infraspinatus passes posteriorly to the 
glenohumeral joint and inserts on the middle faeet of 
the greater tubercle. 

The supraspinatus initiates abduction of the arm. The 
infraspinatus laterally rotates the humerus. 

Teres minor and teres major 

The teres minor muscle is a eord-like muscle that origi- 
nates from a flattened area of the scapula immediately 
adjaeent to its lateral border below the infraglenoid 
tubercle (Fig. 7.37). Its tendon inserts on the inferior faeet 
of the greater tubercle of the humerus. The teres minor 
laterally rotates the humerus and is a eomponent of the 
rotator cuff. 

The teres major muscle originates from a large oval 
region on the posterior surface of the inferior angle of the 
scapula (Fig. 7.37). This broad eord-like muscle passes 


superiorly and laterally and ends as a flat tendon that 
attaehes to the medial lip of the intertubercular sulcus on 
the anterior surface of the humerus. The teres major medi- 
ally rotates and extends the humerus. 

Long head of trieeps braehii 

The long head of the trieeps braehii muscle originates 
from the infraglenoid tubercle and passes somewhat 
vertieally down the arm to insert, with the medial and 
lateral heads of this imisele, on the oleeranon of the ulna 

(Fig. 7.37). 

The trieeps braehii is the primary extensor of the 
forearm at the elbow joint. Because the long head erosses 
the glenohumeral joint, it ean also extend and adduct the 
humerus. 

The importanee of the trieeps braehii in the posterior 
scapular region is that its vertieal course between the teres 
minor and teres major, together with these muscles and the 
humerus, forms spaees through which nerves and vessels 
pass between regions. 

Gatevvays to the posterior scapular region 

Suprascapular foramen 

The suprascapular foramen is the route through which 
structures pass between the base of the neek and the pos- 
terior scapular region (Fig. 7.3 7). It is formed by the supra- 
scapular noteh of the scapula and the superior transverse 
scapular (suprascapular) ligament, which eonverts the 
noteh into a foramen. 
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The suprascapular nerve passes through the supra- 
scapular foramen; the suprascapular artery and the supra- 
scapular vein follow the same course as the nerve, but 
normally pass immediately superior to the superior trans- 
verse scapular ligament and not through the foramen 

(Fig. 7.38). 


Quadrangular spaee (from posterior) 

The quadrangular spaee provides a passageway for nerves 
and vessels passing between more anterior regions (the 


axilla) and the posterior scapular region (Fig. 7.3 7). In the 
posterior scapular region, its boundaries are formed by: 


the inferior margin of the teres minor, 

the surgical neek of the humerus, 

the superior margin of the teres major, and 

the lateral margin of the long head of the trieeps braehii 


The axillary nerve and the posterior circumf lex humeral 
artery and vein pass through this spaee (Fig. 7.38). 
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Fig. 7.38 Arteries and nerves assoeiated with gateways in the posterior scapular region. 
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Triangular spaee 

The triangiilar spaee is an area of communication between 
the axilla and the posterior scapular region (Fig. 7.37). 
When viewed from the posterior scapular region, the trian- 
gular spaee is formed by: 

the medial margin of the long head of the trieeps braehii, 
the superior margin of the teres major, and 
the inferior margin of the teres minor. 

The circumflex scapular artery and vein pass through 
this gap (Fig. 7.38). 

Triangular interval 

The triangular interval is formed by: 

■ the lateral margin of the long head of the trieeps braehii, 
the shaft of the humerus, and 

■ the inferior margin of the teres major (Fig. 7.37). 

Because this spaee is below the inferior margin of the 
teres major, which defìnes the inferior boundary of the 
axilla, the triangular interval serves as a passageway 
between the anterior and posterior eompartments of the 
arm and between the posterior eompartment of the arm 
and the axilla. The radial nerve, the profimda braehii 
artery (deep artery of arm), and assoeiated veins pass 
through it (Fig. 7.38). 

Nerves 

The two major nerves of the posterior scapular region are 
the suprascapular and axillary nerves, both of which 
originate from the braehial plexus in the axilla (Fig. 7.38). 


Suprascapular nerve 

The suprascapular nerve originates in the base of the 
neek from the superior trank of the braehial plexus. It 
passes posterolaterally from its origin, through the 
suprascapular foramen to reaeh the posterior scapular 
region, where it lies in the plane between bone and muscle 
(Fig. 7.38). 

It innervates the supraspinatus muscle and then passes 
through the greater scapular (spinoglenoid) noteh, 
between the root of the spine of the scapula and the 
glenoid eavity, to terminate in and innervate the infraspi- 
natus muscle. 

Generally, the suprascapular nerve has no cutaneous 
branehes. 

Axillary nerve 

The axillary nerve originates from the posterior eord of 
the braehial plexus. It exits the axilla by passing through 
the quadrangular spaee in the posterior wall of the axilla, 
and enters the posterior scapular region (Fig. 7.38). 
Together with the posterior circumflex humeral artery and 
vein, it is direetly related to the posterior surface of the 
surgical neek of the humerus. 

The axillary nerve innervates the deltoid and teres 
minor muscles. In addition, it has a cutaneous braneh, the 
superior lateral cutaneous nerve of the arm, which earries 
general sensation from the skin over the inferior part of the 
deltoid muscle. 

Arteries and veins 

Three major arteries are found in the posterior scapular 
region: the suprascapular, posterior circumflex humeral, 
and circumflex scapular arteries. These arteries contribute 
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to an intereonneeted vascular network around the scapula 

(Fig. 7.39). 

In the elinie 

Quadrangular spaee syndrome 

Hypertrophy of the quadrangular spaee muscles or 
fibrosis of the muscle edges may impinge on the axillary 
nerve. llneommonly, this produces weakness of the 
deltoid muscle. Typieally it produces atrophy of the 
teres minor mosele, which may affeet the eontrol that 
the rotator cuff muscles exert on shoulder movement. 


Suprascapular artery 

The suprascapular artery originates in the base of the 
neek as a braneh of the thyroeervieal trunk, which, in 
turn, is a major braneh of the subclavian artery (Figs. 7.38 
and 7.3 9 ). The vessel may also originate direetly from the 
third part of the subclavian artery. 

The suprascapular artery normally enters the posterior 
scapular region superior to the suprascapular foramen, 
whereas the nerve passes through the foramen. In the pos- 
terior scapular region, the vessel runs with the suprascap- 
ular nerve. 
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Fig. 7.39 Arterial anastomoses around the shoulder. 
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In addition to supplying the supraspinatus and infra- 
spinatus muscles, the suprascapular artery contributes 
branehes to numerous structures along its course. 

Posterior circumflex humeral artery 

The posterior circumflex humeral artery originates 
from the third part of the axillary artery in the axilla (Fig. 

7.39). 

The posterior circumflex humeral artery and axillary 
nerve leave the axilla through the quadrangular spaee in 
the posterior wall and enter the posterior scapular region. 
The vessel supplies the related muscles and the glenohu- 
meral joint. 

Circumflex scapular artery 

The circumflex scapular artery is a braneh of the 
subscapular artery that also originates from the third part 


of the axillary artery in the axilla (Fig. 7.39). The eir- 
cumflex scapular artery leaves the axilla through the 
triangular spaee and enters the posterior scapular region, 
passes through the origin of the teres minor muscle, and 
forms anastomotie eonneetions with other arteries in the 
region. 

Veins 

Veins in the posterior scapular region generally follow the 
arteries and eonneet with vessels in the neek, baek, arm, 
and axilla. 

AXILLA 

The axilla is the gateway to the upper limb, providing 
an area of transition between the neek and the arm 
(Fig. 7.40A). Formed by the elaviele, the scapula, the upper 


Middle sealene muscle 


Anterior sealene muscle 


Lateral margin of rib 



Medial wall 
Lateral wall 

Anterior wall 


A 



Fig. 7.40 Axilla. A. Walls and transition between neek and arm. 
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thoraeie wall, the humerus, and related muscles, the axilla 
is an irregularly shaped pyramidal spaee with: 

four sides, 
an inlet, and 

a floor (base) (Fig. 7.40A,B). 

The axillary inlet is continuous superiorly with the 
neek, and the lateral part of the floor opens into the arm. 

All major structures passing into and out of the upper 
limb pass through the axilla (Fig. 7.40C ) , Apertures formed 
between muscles in the anterior and posterior walls enable 
structures to pass between the axilla and immediately adja- 
eent regions (the posterior scapular, peetoral, and deltoid 
regions). 

Axillary inlet 

The axillary inlet is oriented in the horizontal plane and is 
somewhat triangular in shape, with its apex direeted later- 
ally (Fig. 7.40A,B). The margins of the inlet are eompletely 
formed by bone: 

The medial margin is the lateral border of rib I. 

The anterior margin is the posterior surface of the 
elaviele. 

The posterior margin is the superior border of the 
scapula up to the eoraeoid proeess. 


The apex of the triangularly shaped axillary inlet is 
lateral in position and is formed by the medial aspeet of the 
eoraeoid proeess. 

Major vessels and nerves pass between the neek and the 
axilla by erossing over the lateral border of rib I and 
through the axillary inlet (Fig. 7.40A). 

The subclavian artery, the major blood vessel supplying 
the upper limb, beeomes the axillary artery as it erosses the 
lateral margin of rib I and enters the axilla. Similarly, 
the axillary vein beeomes the subclavian vein as it passes 
over the lateral margin of rib I and leaves the axilla to enter 
the neek. 

At the axillary inlet, the axillary vein is anterior to the 
axillary artery, which, in turn, is anterior to the tranks of 
the braehial plexus. 

The inferior trunk (lower trunk) of the braehial plexus 
lies direetly on rib I in the neek, as does the subclavian 
artery and vein. As they pass over rib I, the vein and artery 
are separated by the insertion of the anterior sealene 
muscle (Fig. 7.40A). 

Anterior wall 

The anterior wall of the axilla is formed by the lateral part 
of the peetoralis major muscle, the underlying peetoralis 
minor and subclavius muscles, and the elavipeetoral faseia 

(Table 7.3). 


Table 7.3 


Muscles ofthe anterior wall ofthe axilla (spinal segments in bold arethe major segments innervating the muscle) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Peetoralis 

major 

Clavicular head—anterior surface of 
medial half of elaviele; sternoeostal 
head—anterior surface of sternum; 
first seven eostal eartilages; sternal 
end of sixth rib; aponeurosis of 
external oblique 

Lateral lip of intertubercular 
sulcus of humerus 

Medial and lateral 
peetoral nerves; clavicular 
head (C5, C6); sternoeostal 
head (C6, C7, C8, T1) 

Flexion, adduction, and medial 
rotation of arm at glenohumeral 
joint; clavicular head—flexion 
of extended arm; sternoeostal 
head—extension of flexed arm 

Subclavius 

First rib at junction between rib and 
eostal eartilage 

Groove on inferior surface 
of middle one-third 
of elaviele 

Nerve to subclavius 
(C5, C6) 

Pulls tip of shoulder down; 
pulls elaviele medially to 
stabilize sternoclavicular joint 

Peetoralis 

minor 

Anterior surfaces and superior 
borders of ribs III to V; and from 
deep faseia overlying the related 
intereostal spaees 

Coracoid proeess of scapula 
(medial border and 
upper surface) 

Medial peetoral nerve 
(C5, C6, C7, C8, T1) 

Pulls tip of shoulder down; 
protraets scapula 
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Peetoralis major 

The peetoralis major muscle is the largest and most 
superficial muscle of the anterior wall (Fig. 7.41). Its infe- 
rior margin underlies the anterior axillary fold, which 
marks the anteroinferior border of the axilla. The muscle 
has two heads: 

The clavicular head originates from the medial half of 
the elaviele. 

The sternoeostal head originates from the medial part 
of the anterior thoraeie wall—often, fibers from this 
head continue inferiorly and medially to attaeh to the 
anterior abdominal wall, forming an additional abdomi- 
nal part of the muscle. 

The muscle inserts into the lateral lip of the intertuber- 
cular sulcus of the humerus. The parts of the imisele that 
have a superior origin on the trank insert lower and more 
anteriorly on the lateral lip of the intertubercular sulcus 
than the parts of the muscle that originate inferiorly. 


Aeting together, the two heads of the peetoralis major 
flex, adduct, and medially rotate the arm at the glenohu- 
meral joint. The clavicular head flexes the arm from an 
extended position, whereas the sternoeostal head extends 
the arm from a flexed position, particularly against 
resistanee. 

The peetoralis major is innervated by the lateral and 
medial peetoral nerves, which originate from the braehial 
plexus in the axilla. 

Subclavius 

The siibelaviiis muscle is a small muscle that lies deep 
to the peetoralis major muscle and passes between the 
elaviele and rib I (Fig. 7.42). It originates medially, as a 
tendon, from rib I at the junction between the rib and its 
eostal eartilage. It passes laterally and superiorly to insert 
via a muscular attaehment into an elongate shallow 
groove on the inferior surface of the middle third of the 
elaviele. 

The function of the subclavius is not entirely elear, but 
it may aet to pull the shoulder down by depressing the 
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Fig. 7.41 Peetoralis major muscle. 
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elaviele and may also stabilize the sternoelavieiilar joint by 
pulling the elaviele medially. 

The subclavius muscle is innervated by a small braneh 
from the superior trank of the braehial plexus. 

Peetoralis minor 

The peetoralis minor muscle is a small triangular-shaped 
rmisele that lies deep to the peetoralis major muscle and 
passes from the thoraeie wall to the eoraeoid proeess of the 
scapula (Fig. 7.42). It originates as three muscular slips 
from the anterior surfaces and upper margins of ribs III to 
V and from the faseia overlying muscles of the related 
intereostal spaees. The muscle fibers pass superiorly and 
laterally to insert into the medial and upper aspeets of the 
eoraeoid proeess. 


The peetoralis minor muscle protraets the scapula (by 
pulling the scapula anteriorly on the thoraeie wall) and 
depresses the lateral angle of the scapula. 

The peetoralis minor is innervated by the medial peeto- 
ral nerve, which originates from the braehial plexus in 
the axilla. 

Gavipeetoral faseia 

The elavipeetoral faseia is a thiek sheet of eonneetive 
tissue that eonneets the elaviele to the floor of the axilla 
(Fig. 7.42). It eneloses the subclavius and peetoralis minor 
muscles and spans the gap between them. 

Structures travel between the axilla and the anterior 
wall of the axilla by passing through the elavipeetoral 
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Fig. 7.42 Peetoralis minor and subclavius muscles and elavipeetoral faseia. 
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faseia either between the peetoralis minor and subclavius 
imiseles or inferior to the peetoralis minor muscle. 

Important structures that pass between the subclavius 
and peetoralis minor muscles include the eephalie vein, the 
thoraeo-aeromial artery, and the lateral peetoral nerve. 

The lateral thoraeie artery leaves the axilla by passing 
through the faseia inferior to the peetoralis minor muscle. 

The medial peetoral nerve leaves the axilla by penetrat- 
ing direetly through the peetoralis minor muscle to supply 
this muscle and to reaeh the peetoralis major muscle. 
Oeeasionally, branehes of the medial peetoral nerve pass 
around the lower margin of the peetoralis minor to reaeh 
and innervate the overlying peetoralis major muscle. 


Medial wall 

The medial wall of the axilla eonsists of the upper thoraeie 
wall (the ribs and related intereostal tissues) and the 
serratus anterior muscle (Fig. 7.43 and rable 7.4, and see 

Fig. 7.40). 

Serratus anterior 

The serratus anterior muscle originates as a number of 
muscular slips from the lateral surfaces of ribs I to IX and 
the intervening deep faseia overlying the related intereostal 
spaees (Fig. 7.43). The imisele forms a flattened sheet, 
which passes posteriorly around the thoraeie wall to insert 
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Fig. 7.43 Medial wall of the axilla. A. Lateral view. B. Lateral view with lateral angle of scapula retraeted posteriorly. C. Anterior view. 
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primarily on the eostal surface of the medial border of the 
scapula. 

The serratus anterior pulls the scapula forward over the 
thoraeie wall and faeilitates scapular rotation. It also keeps 
the eostal surface of the scapula elosely opposed to the 
thoraeie wall. 

The serratus anterior is innervated by the long thoraeie 
nerve, which is derived from the roots of the braehial 
plexus, passes through the axilla along the medial wall, 
and passes vertieally down the serratus anterior muscle on 
its external surface, just deep to skin and superficial faseia. 

intereostobraehial nerve 

The only major structure that passes direetly through the 
medial wall and into the axilla is the intereostobraehial 
nerve (Fig. 7.43). This nerve is the lateral cutaneous 
braneh of the seeond intereostal nerve (anterior ramus of 
T2). It communicates with a braneh of the braehial plexus 
(the medial cutaneous nerve of the arm) in the axilla and 
supplies skin on the upper posteromedial side of the arm, 
which is part of the T2 dermatome. 


In the elinie 

"Winging" of the scapula 

Because the long thoraeie nerve passes down the lateral 
thoraeie wall on the external surface of the serratus 
anterior mosele, just deep to skin and subcutaneous 
faseia, it is vulnerable to damage. Loss of function of 
this muscle causes the medial border, and particularly 
the inferior angle, of the scapula to elevate away 
from the thoraeie wall, resulting in eharaeteristie 
"winging" of the scapula, on pushing forward with the 
arm. Furthermore, normal elevation at the arm is no 
longer possible. 


Lateral wall 

The lateral wall of the axilla is narrow and formed entirely 
by the intertubercular sulcus of the humerus (Fig. 7.44). 
The peetoralis major muscle of the anterior wall attaehes 
to the lateral lip of the intertubercular sulcus. The latissi- 
mus dorsi and teres major imiseles of the posterior wall 


lntertubercular sulcus 


Peetoralis 

major 



Latissimus dorsi 


Fig. 7.44 Lateral wall of the axilla. 


Table 7.4 

Muscle of the medial wall of the axilla (spinal segment in bold is the major segment innervating the rrmsele) 

Muscle 


Origin 

Insertion 

Innervation 

Function 

Serratus anterior 

Lateral surfaces of upper 8-9 
ribs and deep faseia overlying 
the related intereostal spaees 

Costal surface of medial 
border of scapula 

Long thoraeie nerve 
(C5, C6, C7) 

Protraetion and rotation of the 
scapula; keeps medial border 
and inferior angle of scapula 
opposed to thoraeie wall 
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attaeh to the floor and medial lip of the intertubercular 
sulcus, respeetively ( Table 7.5). 

Posterior wall 

The posterior wall of the axilla is complex (Fig. 7.45 and 
see Fig. 7.50). Its bone framework is formed by the eostal 
surface of the scapula. Muscles of the wall are: 

the subscapularis imisele (assoeiated with the eostal 
surface of the scapula), 


the distal parts of the latissimus dorsi and teres major 
muscles (which pass into the wall from the baek and 
posterior scapular region), and 

the proximal part of the long head of the trieeps braehii 
muscle (which passes vertieally down the wall and into 
the arm). 

Gaps between the muscles of the posterior wall form 
apertures through which structures pass between the 
axilla, posterior scapular region, and posterior eompart- 
ment of the arm. 


Table 7.5 Muscles of the lateral and posterior wall of the axilla (spinal segments in bold are the major segments innervating the 

muscle; spinal segments in parentheses do not eonsistently innervate the muscle) 


Muscle 

Origin 

Insertion 

Subscapularis 

Medial two-thirds of 
subscapular fossa 

Lesser tubercle of 



Innervation 

Function 

humerus 

Upper and lower 

Rotatorcuff musde; medial 


subscapular nerves 

rotation of the arm 


(C5, C6, (C7)) 

at the glenohumeral joint 


Teres major 


Elongate oval area on the 
posterior surface of the inferior 
angle of the scapula 


Medial lip of the intertubercular Lower subscapular 
sulcus on the anterior surface of nerve (C5 7 C6 7 C7) 
the humerus 


Medial rotation and extension 
of the arm at the 
glenohumeral joint 


Latissimus dorsi Spinous proeesses of lower six Floor of intertubercular sulcus 

thoraeie vertebrae and related 
interspinous ligaments; via the 
thoracolumbar faseia to the 
spinous proeesses of the lumbar 
vertebrae, related interspinous 
ligaments, and iliae erest; lower 
3-4 ribs 


Thoraeodorsal nerve Adduction, medial rotation, 
(C6, C7, C8) and extension of the arm 

at the glenohumeral joint 


Long head of 
trieeps braehii 


Infraglenoid tubercle on scapula Common tendon of insertion 

with medial and lateral heads on 
the oleeranon proeess of ulna 


Radial nerve 
(C6, C7, C8) 


Extension of the forearm 
at the elbow joint; aeeessory 
adductor and extensor of the 
arm at the glenohumeral joint 
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Suprascapular foramen 

• Suprascapular nerve 


Quadrangular spaee 

• Axillary nerve 

• Posterior circumflex humeral 
artery and vein 


Triangular interval 

• Radial nerve 

• Profunda braehii artery 


Lo n g h ead of tri ee ps b rae h í i 



Subscapularís 


Triangular spaee 
• Circumflex scapular artery 


Teres major 


Latissimus dorsi 


Fig. 7.45 Posterior wall of the axilla. 
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Subscapularis 

The subscapularis muscle forms the largest eomponent 
of the posterior wall of the axilla. It originates from, and 
fills, the subscapular fossa and inserts on the lesser tubercle 
of the humerus (Figs. 7.45 and 7.46). The tendon erosses 
immediately anterior to the joint capsule of the glenohu- 
meral joint. 

Together with three muscles of the posterior scapular 
region (the supraspinatus, infraspinatus, and teres minor 
muscles), the subscapularis is a member of the rotator cuff 
muscle group, which stabilize the glenohumeral joint. 

The subscapularis is innervated by branehes of the bra- 
ehial plexus (the superior and inferior subscapular 
nerves), which originate in the axilla. 

Teres major and latissimus dorsi 

The inferolateral aspeet of the posterior wall of the axilla 
is formed by the terminal part of the teres major muscle 
and the tendon of the latisshmis dorsi muscle (Fig. 7.45). 
These two structures lie under the posterior axillary fold, 
which marks the posteroinferior border of the axilla. 

The flat tendon of the latissimus dorsi imisele curves 
around the inferior margin of the teres major muscle on 


Bíeeps tendon ín intertubercular sulcus 


Head of humerus Glenoid eavity 




Glenoid labrum 


Teres minor and infraspinatus muscles 

Fig. 7.46 Magnetie resonanee image of the glenohumeral joint in 
the transverse or horizontal plane. 


the posterior wall to insert into the floor of the intertuber- 
cular sulcus of the humerus, anterior to and slightly above 
the most distal attaehment of the teres major muscle to 
the medial lip of the intertubercular sulcus. As a eonse- 
quence, the inferior margin of the teres major muscle 
defines the inferior limit of the axilla laterally. 

The axillary artery beeomes the braehial artery of the 
arm as it erosses the inferior margin of the teres major 
muscle. 

Long head of the trieeps braehii 

The long head of the trieeps braehii muscle passes 
vertieally through the posterior wall of the axilla, and, 
together with surrounding muscles and adjaeent bones, 
results in the formation of three apertures through which 
major structures pass through the posterior wall: 

the quadrangular spaee, 

the triangular spaee, and 
■ the triangular interval (Fig. 7.45). 


Gateways in the posterior wall 

(See also “Gateways to the posterior scapular region,” pp. 
717-721, and Figs. 7.37 and 7.38) 

Quadrangular spaee 

The quadrangular spaee provides a passageway for nerves 
and vessels passing between the axilla and the more poste- 
rior scapular and deltoid regions (Fig. 7.45). When viewed 
from anteriorly, its boundaries are formed by: 

the inferior margin of the subscapularis muscle, 

■ the surgical neek of the humerus, 

the superior margin of the teres major muscle, and 

■ the lateral margin of the long head of the trieeps braehii 
muscle. 

Passing through the quadrangular spaee are the axil- 
lary nerve and the posterior circumflex humeral artery 
and vein. 

Triangular spaee 

The triangular spaee is an area of communication 
between the axilla and the posterior scapular region 
(Fig. 7.45). When viewed from anteriorly, it is formed by: 

the medial margin of the long head of the trieeps braehii 
muscle, 

the superior margin of the teres major muscle, and 

■ the inferior margin of the subscapularis muscle. 
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The circumflex scapular artery and vein pass into this 
spaee. 

Triangular interval 

This triangular interval is formed by: 

the lateral margin of the long head of the trieeps braehii 
muscle, 

the shaft of the humerus, and 

the inferior margin of the teres major muscle 

(Fig. 7.45). 

The radial nerve passes out of the axilla traveling 
through this interval to reaeh the posterior eompartment 
of the arm. 

Floor 

The floor of the axilla is formed by faseia and a dome of 
skin that spans the distanee between the inferior margins 
of the walls (Fig. 7.47 and see Fig. 7.40B). It is supported 
by the elavipeetoral faseia. On a patient, the anterior axil- 
lary fold is more superior in position than is the posterior 
axillary fold. 

Inferiorly, structures pass into and out of the axilla 
immediately lateral to the f loor where the anterior and pos- 
terior walls of the axilla eonverge and where the axilla is 
continuous with the anterior eompartment of the arm. 

Contents of the axilla 

Passing through the axilla are the major vessels, nerves, 
and lymphaties of the upper limb. The spaee also eontains 


the proximal parts of two muscles of the arm, the axillary 
proeess of the breast, and eolleetions of lymph nodes, 
which drain the upper limb, ehest wall, and breast. 

The proximal parts of the bieeps braehii and eoraeobra- 
ehialis muscles pass through the axilla (Table 7.6). 



Fig. 7.47 Floor of the axilla. 


Table 7.6 Muscles having parts that pass through the axilla (spinal segments in bold are the major segments innervating the muscle) 


Musde 

Origin 

Insertion 

Innervation 

Function 

Bieeps braehii 

Long head—supraglenoid 
tubercle of scapula; short 
head—apex of eoraeoid proeess 

Tuberosity of radius 

Musculocutaneous nerve 
(C5, C6) 

Powerful flexor of the forearm at 
the elbow joint and supinator of 
the forearm; aeeessory flexor of 
the arm at the glenohumeral joint 

Coracobrachialis 

Apexof eoraeoid proeess 

Linear roughening on 
midshaft of humerus 
on medial side 

Musculocutaneous nerve 
(C5,C6,C7) 

Flexor of the arm at the 
glenohumeral joint; adducts arm 
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Bieeps braehii 

The bieeps braehii muscle originates as two heads 

(Fig. 7.48): 

The short head originates from the apex of the eoraeoid 
proeess of the scapula and passes vertieally through 
the axilla and into the arm where it joins the long 
head. 

The long head originates as a tendon from the supragle- 
noid tubercle of the scapula, passes over the head of the 
humerus deep to the joint capsule of the glenohumeral 
joint, and enters the intertubercular sulcus where it is 
held in position by a ligament, the transverse humeral 
ligament, which spans the distanee between the greater 
and lesser tubercles; the tendon passes through the 
axilla in the intertubercular sulcus and forms a muscle 
belly in the proximal part of the arm. 


The long and short heads of the muscle join in distal 
regions of the arm and primarily insert as a single tendon 
into the radial tuberosity in the forearm. 

The bieeps braehii muscle is primarily a powerful flexor 
of the forearm at the elbow joint and a powerful supinator 
in the forearm. Because both heads originate from the 
scapula, the muscle also aets as an aeeessory flexor of the 
arm at the glenohmneral joint. In addition, the long head 
prevents superior movement of the humerus on the glenoid 
eavity. 

The bieeps braehii muscle is innervated by the muscu- 
locutaneous nerve. 

Coracobrachialis 

The eoraeobraehialis muscle, together with the short 
head of the bieeps braehii muscle, originates from the apex 
of the eoraeoid proeess (Fig. 7.48). It passes vertieally 
through the axilla to insert on a small linear roughening on 
the medial aspeet of the humerus, approximately midshaft. 


Transve rse h u m e ra 11 ig am ent 
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Fig. 7.48 Contents of the axilla: muscles. 
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The eoraeobraehialis muscle flexes the arm at the gle- 
nohumeral joint. 

In the axilla, the medial surface of the eoraeobraehialis 
muscle is piereed by the musculocutaneous nerve, which 
innervates and then passes through the muscle to enter 
the arm. 

Axillary artery 

The axillary artery supplies the walls of the axilla and 
related regions, and continues as the major blood supply to 
the more distal parts of the upper limb (Fig. 7.49). 


The subclavian artery in the neek beeomes the axillary 
artery at the lateral margin of rib I and passes through the 
axilla, beeoming the braehial artery at the inferior margin 
of the teres major muscle. 

The axillary artery is separated into three parts by the 
peetoralis minor muscle, which erosses anteriorly to the 
vessel (Fig. 7.49): 

The fìrst part is proximal to the peetoralis minor. 

The seeond part is posterior to the peetoralis minor. 

■ The third part is distal to the peetoralis minor. 
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Fig. 7.49 Contents of the axilla: the axillary artery. 




















Generally, six branehes arise from the axillary artery: 

One braneh, the superior thoraeie artery, originates 
from the fìrst part. 

Two branehes, the thoraeo-aeromial artery and the 
lateral thoraeie artery, originate from the seeond 
part. 

Three branehes, the subscapular artery, the anterior 
circumflex humeral artery, and the posterior eir- 
cumflex humeral artery, originate from the third part 

(Fig. 7.50). 


Superior thoraeie artery 

The superior thoraeie artery is small and originates from 
the anterior surface of the fìrst part of the axillary artery 
(Fig. 7.50). It supplies upper regions of the medial and 
anterior axillary walls. 

Thoraeo-aeromial artery 

The thoraeo-aeromial artery is short and originates from 
the anterior surface of the seeond part of the axillary 


Subclavius 


Peetoralis minor 


Superior thoraeie artery 


Subscapularis 


Thoraeo-aeromial artery 


Subscapular artery 


Anterior circumflex humeral artery 


Posterior circumflex humeral artery 

(quadrangular spaee) 

Latissimus dorsi 
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Fig. 7.50 Branehes of the axillary artery. 
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artery just posterior to the medial (superior) margin of 
the peetoralis minor muscle (Fig. 7.50). It curves around 
the superior margin of the muscle, penetrates the elavi- 
peetoral faseia, and immediately divides into four 
branehes—the peetoral, deltoid, clavicular, and aeromial 
branehes, which supply the anterior axillary wall and 
related regions. 

Additionally, the peetoral braneh contributes vascular 
supply to the breast, and the deltoid braneh passes into the 
elavipeetoral triangle where it aeeompanies the eephalie 
vein and supplies adjaeent structures (see Fig. 7.41). 

Lateral thoraeie artery 

The lateral thoraeie artery arises from the anterior surface 
of the seeond part of the axillary artery posterior to the 
lateral (inferior) margin of the peetoralis minor (Fig. 7.50). 
It follows the margin of the muscle to the thoraeie wall and 
supplies the medial and anterior walls of the axilla. In 
women, branehes emerge from around the inferior margin 
of the peetoralis major muscle and contribute to the vas- 
cular supply of the breast. 

Subscapular artery 

The subscapular artery is the largest braneh of the axillary 
artery and is the major blood supply to the posterior wall 
of the axilla (Fig. 7.50). It also contributes to the blood 
supply of the posterior scapular region. 

The subscapular artery originates from the posterior 
surface of the third part of the axillary artery, follows the 
inferior margin of the subscapularis muscle for a short 
distanee, and then divides into its two terminal branehes, 
the circumflex scapular artery and the thoraeodorsal 
artery. 

The circumflex scapular artery passes through the tri- 

angular spaee between the subscapularis, teres major, 

and long head of the trieeps muscle. Posteriorly, it passes 


inferior to, or pierees, the origin of the teres minor 
muscle to enter the infraspinous fossa. It anastomoses 
with the suprascapular artery and the deep braneh 
(dorsal scapular artery) of the transverse eervieal 
artery, thereby contributing to an anastomotie network 
of vessels around the scapula. 

■ The thoraeodorsal artery approximately follows the 
lateral border of the scapula to the inferior angle. It 
contributes to the vascular supply of the posterior and 
medial walls of the axilla. 

Anterior circumflex humeral artery 

The anterior circumflex humeral artery is small eom- 
pared to the posterior circumflex humeral artery, and origi- 
nates from the lateral side of the third part of the axillary 
artery (Fig. 7.50). It passes anterior to the surgical neek of 
the humerus and anastomoses with the posterior circum- 
flex humeral artery. 

This anterior circumflex humeral artery supplies 
branehes to surrounding tissues, which include the gleno- 
humeral joint and the head of the humerus. 

Posterior circumflex humeral artery 

The posterior circumflex humeral artery originates 
from the lateral surface of the third part of the axillary 
artery immediately posterior to the origin of the anterior 
circumflex humeral artery (Fig. 7.50). With the axillary 
nerve, it leaves the axilla by passing through the quadran- 
gular spaee between the teres major, teres minor, and long 
head of the trieeps braehii muscle and the surgical neek of 
the humerus. 

The posterior circumflex humeral artery curves around 
the surgical neek of the humerus and supplies the sur- 
rounding muscles and the glenohumeral joint. It anasto- 
moses with the anterior circumflex humeral artery and 
with branehes from the profunda braehii, suprascapular, 
and thoraeo-aeromial arteries. 
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Axillary vein 

The axillary vein begins at the lower margin of the teres 
major muscle and is the continuation of the basilie vein 
(Fig. 7.51), which is a superficial vein that drains the pos- 
teromedial surface of the hand and forearm and penetrates 
the deep faseia in the middle of the arm. 

The axillary vein passes through the axilla medial and 
anterior to the axillary artery and beeomes the subclavian 
vein as the vessel erosses the lateral border of rib I at the 
axillary inlet. Tributaries of the axillary vein generally 
follow the branehes of the axillary artery. Other tributaries 
include braehial veins that follow the braehial artery, and 
the eephalie vein. 


The eephalie vein is a superficial vein that drains the 
lateral and posterior parts of the hand, the forearm, and 
the arm. In the area of the shoulder, it passes into an 
inverted triangular eleft (the elavipeetoral triangle) between 
the deltoid muscle, peetoralis major muscle, and elaviele. 
In the superior part of the elavipeetoral triangle, the 
eephalie vein passes deep to the clavicular head of the pee- 
toralis major muscle and pierees the elavipeetoral faseia to 
join the axillary vein. Many patients who are eritieally 
unwell have lost blood or fluid, which requires replaee- 
ment. Aeeess to a peripheral vein is neeessary to replaee 
the fluid. The typieal sites for venous aeeess are the eephalie 
vein in the hand or veins that lie within the superficial 
tissues of the cubital fossa. 
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Fig. 7.51 Axillary vein. 
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ln the elinie 

Imaging the blood supply to the upper limb 

When there is elinieal evidenee of vascular eompromise to 
the upper limb, or vessels are needed to form an 
arteriovenous fistula (which is neeessary for renal dialysis), 
imaging is required to assess the vessels. 

Ultrasound is a useful tool for earrying out 
a noninvasive assessment of the vessels of the upper 
limb from the third part of the subclavian artery to 
the deep and superficial palmar arteries. Blood flow 
ean be quantified and anatomieal variants ean be noted. 


In the elinie 

Trauma to the arteries of the upper limb 

The arterial supply to the upper limb is particularly 
susceptible to trauma in plaees where it is relatively 
fixed or in a subcutaneous position. 

Fracture ofrib I 

As the subclavian artery passes out of the neek and into 
the axilla, it is fixed in position by the surrounding 
muscles to the superior surface of rib I. A rapid 
deeeleration injury involving upper thoraeie trauma may 
cause a first rib fracture, which may signifieantly 
eompromise the distal part of the subclavian artery or 
the first part of the axillary artery. Fortunately, there are 
anastomotie eonneetions between branehes of 
the subclavian artery and the axillary artery, which form 
a network around the scapula and proximal end of the 
humerus; therefore, even with eomplete vessel 
transeetion, the arm is rarely rendered eompletely 
isehemie (isehemia is poor blood supply to an organ 
or a limb). 

Anterior disloeation of the humeral head 

Anterior disloeation of the humeral head may eompress 
the axillary artery, resulting in vessel occlusion. This is 
unlikely to render the upper limb eompletely isehemie, 
but it may be neeessary to surgically reconstruct the 
axillary artery to obtain pain-free function. Importantly, 
the axillary artery is intimately related to the braehial 
plexus, which may be damaged at the time of anterior 
disloeation. 


Angiography is earried out in eertain eases. The femoral 
artery is punctured below the inguinal ligament and 
a long eatheter is plaeed through the iliae arteries and 
around the areh of the aorta to enter either the left 
subclavian artery or the braehioeephalie trunk and then 
the right subclavian artery. Radiopaque eontrast agents 
are injeeted into the vessel and radiographs are obtained 
as the eontrast agents pass first through the arteries, then 
the eapillaries, and finally the veins. 


In the elinie 

Subclavian/axillary venous aeeess 

There are a number of routes through which eentral 
venous aeeess may be obtained. The "sobelavian route" 
and the jugular routes are eommonly used by elinieians. 
The subclavian route is a misnomer that remains the 
preferred term in elinieal praetiee. In faet, most elinieians 
enter the first part of the axillary vein. 

There are a number of patients that undergo 
eatheterization ofthe subclavian vein/axillary vein. 
Entering the subclavian vein/axillary vein is a relatively 
straightforward technique. The elaviele is identified and 
a sharp needle is plaeed in the infraclavicular region, 
aiming superomedially. When venous blood is 
aspirated, aeeess has been obtained. This route is 
popular for long-term venous aeeess, such as Hiekman 
lines, and for shorter-term aeeess where multiple-lumen 
eatheters are inserted (e.g v intensive eare unit). 

The subclavian vein/axillary vein is also the preferred 
site for insertion of paeemaker wires. There is, however, 
a preferred point of entry into the vein to prevent 
eomplieations. The vein should be punctured in the 
midclavicular line or lateral to this line. The reason for 
this puncture site is the course of the vein and its 
relationship to other structures. The vein passes anterior 
to the artery, superior to the first rib, and inferior to the 
elaviele as it courses toward the thoraeie inlet. Beneath 
the elaviele is situated the subclavius muscle. Should 
the puncture of the vein enter where the subclavius 
muscle is related to the axillary vein, the eatheter or 
wire may beeome kinked at this point. Moreover, 
the eonstant eontraetion and relaxation of this muscle 
will induce fatigue in the line and wire, which may 
ultimately lead to fracture. A fractured paeemaker wire 
or a rupture in a ehemotherapy eatheter ean have 
severe consequences for the patient. 
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Braehial plexus 

The braehial plexus is a somatie plexus formed by the ante- 
rior rami of C5 to C8, and most of the anterior ramus of 
T1 (Fig. 7.52). The plexus originates in the neek, passes 
laterally and inferiorly over rib I, and enters the axilla. 

The parts of the braehial plexus, from medial to lateral, 
are roots, trnnks, divisions, and eords. All major nerves 


that innervate the upper limb originate from the braehial 
plexus, mostly from the eords. Proximal parts of the bra- 
ehial plexus are posterior to the subclavian artery in the 
neek, while more distal regions of the plexus surround the 
axillary artery. 
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Fig. 7.52 Braehial plexus. A. Major eomponents in the neek and axilla. B. Sehematie showing parts of the braehial plexus. 
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Roots 

The roots of the braehial plexus are the anterior rami of 
C5 to C8, and most of Tl. Close to their origin, the roots 
reeeive gray rami communicantes from the sympathetie 
trunk (Fig. 7.52). These earry postganglionie sympathetie 
fibers onto the roots for distribution to the periphery. The 
roots and tmnks enter the posterior triangle of the neek 
by passing between the anterior sealene and middle sealene 
muscles and lie superior and posterior to the subclavian 
artery. 

Trunks 

The three tmnks of the braehial plexus originate from the 
roots, pass laterally over rib I, and enter the axilla (Fig. 

7.52): 

■ The superior tmnk is formed by the union of C5 and C6 
roots. 

■ The middle trunk is a continuation of the C7 root. 

The inferior trunk is formed by the union of the C8 and 
T1 roots. 

The inferior tmnk lies on rib I posterior to the subcla- 
vian artery; the middle and superior tmnks are more supe- 
rior in position. 

Divisions 

Eaeh of the three tmnks of the braehial plexus divides into 

an anterior and a posterior division (Fig. 7.52): 

The three anterior divisions form parts of the braehial 
plexus that ultimately give rise to peripheral nerves 


assoeiated with the anterior eompartments of the arm 
and forearm. 

The three posterior divisions eombine to form parts of 
the braehial plexus that give rise to nerves assoeiated 
with the posterior eompartments. 

No peripheral nerves originate direetly from the divi- 
sions of the braehial plexus. 


The three eords of the braehial plexus originate from the 
divisions and are related to the seeond part of the axillary 
artery (Fig. 7.52): 

■ The lateral eord results from the union of the anterior 
divisions of the upper and middle tmnks and therefore 
has contributions from C5 to C7—it is positioned lateral 
to the seeond part of the axillary artery. 

The medial eord is medial to the seeond part of the 
axillary artery and is the continuation of the anterior 
division of the inferior tmnk—it eontains contributions 
from C8 and Tl. 

The posterior eord occurs posterior t o the seeond part 
of the axillary artery and originates as the union of all 
three posterior divisions—it eontains contributions 
from all roots of the braehial plexus (C5 to Tl). 

Most of the major peripheral nerves of the upper limb 
originate from the eords of the braehial plexus. Generally, 
nerves assoeiated with the anterior eompartments of the 
upper limb arise from the medial and lateral eords and 
nerves assoeiated with the posterior eompartments origi- 
nate from the posterior eord. 


Cords 
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Branehes (Table 7.7) 

Branehes of the roots 

In addition to small segmental branehes from C5 to C8 to 
muscles of the neek and a contribution of C5 to the phrenie 
nerve, the roots of the braehial plexus give rise to the dorsal 
scapular and long thoraeie nerves (Fig. 7.53). 


The dorsal scapular nerve: 

originates from the C5 root of the braehial plexus, 
passes posteriorly, often piereing the middle sealene 
imisele in the neek, to reaeh and travel along the medial 
border of the scapula (Fig. 7.54), and 
innervates the rhomboid major and minor muscles from 
their deep surfaces. 
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Fig. 7.53 Braehial plexus. A. Sehematie showing branehes of the braehial plexus. B. Relationships to the axillary artery. 
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The long thoraeie nerve: 

originates from the anterior rami of C5 to C7, 

passes vertieally down the neek, through the axillary 

inlet, and down the medial wall of the axilla to supply 

the serratus anterior muscle (Fig. 7.54), and 

lies on the superficial aspeet of the serratus anterior 

muscle. 


Branehes of the trunks 

The only branehes from the tranks of the braehial plexus 
are two nerves that originate from the superior trunk 
(upper trunk): the suprascapular nerve and the nerve to 
the subclavius imisele (Fig. 7.53). 
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Fig. 7.54 Branehes of the roots and trnnks of the braehial plexus. 
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The suprascapular nerve (C5 and C6): 

originates from the superior trunk of the braehial 
plexus, 

passes laterally through the posterior triangle of the 

neek (Fig. 7.54) and through the suprascapular foramen 

to enter the posterior scapular region, 

innervates the supraspinatus and infraspinatus muscles, 

and 

is aeeompanied in the lateral parts of the neek and in the 
posterior scapular region by the suprascapular artery. 

The nerve to the subclavius muscle (C5 and C6) is a 

small nerve that: 

■ originates from the superior tmnk of the braehial 
plexus, 

passes anteroinferiorly over the subclavian artery and 
vein, and 

■ innervates the subclavius muscle. 

Branehes of the lateral eord 

Three nerves originate entirely or partly from the lateral 
eord (Fig. 7.53). 

The lateral peetoral nerve is the most proximal of the 
branehes from the lateral eord. It passes anteriorly, 
together with the thoraeo-aeromial artery, to penetrate 
the elavipeetoral faseia that spans the gap between the 
subclavius and peetoralis minor muscles (Fig. 7.55), 
and innervates the peetoralis major muscle. 

The musculocutaneous nerve is a large terminal 
braneh of the lateral eord. It passes laterally to penetrate 
the eoraeobraehialis muscle and pass between the bieeps 
braehii and braehialis muscles in the arm, and inner- 
vates all three flexor muscles in the anterior eompart- 
ment of the arm, terminating as the lateral cutaneous 
nerve of the forearm. 

The lateral root of the median nerve is the largest 
terminal braneh of the lateral eord and passes medially 
to join a similar braneh from the medial eord to form the 
median nerve (Fig. 7.55). 

Branehes of the medial eord 

The medial eord has five branehes (Fig. 7.55). 

The medial peetoral nerve is the most proximal 
braneh. It reeeives a communicating braneh from the 
lateral peetoral nerve and then passes anteriorly 
between the axillary artery and axillary vein. Branehes 
of the nerve penetrate and supply the peetoralis minor 
muscle. Some of these branehes pass through the 


muscle to reaeh and supply the peetoralis major imisele. 
Other branehes oeeasionally pass around the inferior or 
lateral margin of the peetoralis minor muscle to reaeh 
the peetoralis major muscle. 

The medial cutaneous nerve of the arm (medial 
braehial cutaneous nerve) passes through the axilla 
and into the arm where it penetrates deep faseia and 
supplies skin over the medial side of the distal third of 
the arm. In the axilla, the nerve communicates with the 
intereostobraehial nerve of T2. Fibers of the medial 
cutaneous nerve of the arm innervate the upper part of 
the medial surface of the arm and floor of the axilla. 

■ The medial cutaneous nerve of the forearm 
(medial antebraehial cutaneous nerve) originates 
just distal to the origin of the medial cutaneous nerve 
of the arm. It passes out of the axilla and into the arm 
where it gives off a braneh to the skin over the bieeps 
braehii muscle, and then continues down the arm to 
penetrate the deep faseia with the basilie vein, continu- 
ing inferiorly to supply the skin over the anterior surface 
of the forearm. It innervates skin over the medial surface 
of the forearm down to the wrist. 

The medial root of the median nerve passes laterally 
to join with a similar root from the lateral eord to form 
the median nerve anterior to the third part of the axil- 
lary artery. 

The ulnar nerve is a large terminal braneh of the 
medial eord (Fig. 7.5 5). However, near its origin, it often 
reeeives a communicating braneh from the lateral root 
of the median nerve originating from the lateral eord 
and earrying fibers from C7. The ulnar nerve passes 
through the arm and forearm into the hand where it 
innervates all intrinsie muscles of the hand (except for 
the three thenar muscles and the two lateral lumbrical 
muscles). On passing through the forearm, branehes of 
the ulnar ner ve innervate the flexor earpi ulnaris muscle 
and the medial half of the flexor digitorum profundus 
muscle. The ulnar nerve innervates skin over the palmar 
surface of the little finger, medial half of the ring finger, 
and assoeiated palm and wrist, and the skin over the 
dorsal surface of the medial part of the hand. 

Median nerve. The median nerve is formed anterior to the 
third part of the axillary artery by the union of lateral and 
medial roots originating from the lateral and medial eords 
of the braehial plexus (Fig. 7.55). It passes into the arm 
anterior to the braehial artery and through the arm into 
the forearm, where branehes innervate most of the imiseles 
in the anterior eompartment of the forearm (except for the 
f lexor earpi ulnaris muscle and the medial half of the f lexor 
digitorum profundus muscle, which are innervated by the 
ulnar nerve). 
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Fig. 7.55 Branehes of the lateral and medial eords of the braehial plexus. 
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Table 7.7 Branehes of braehial plexus (parentheses indieate that a spinal segment is a minor eomponent of the nerve o r is 

ineonsistently present in the nerve) 


Braneh 

Dorsal scapular 
Origin: C5 root 
Spinal segment: C5 


Long thoraeie 
Origin: C5 to C7 roots 
Spinal segments: C5 to C7 


Suprascapular 
Origin: Superiortrunk 
Spinal segments: C5, C6 


Function: motor 

Rhomboid major, rhomboid minor 


Function: motor 
Serratus anterior 


Function: motor 
Supraspinatus, infraspinatus 




Nerveto subclavius 
Origin: Superior trunk 
Spinal segments: C5, C6 


Function: motor 
Subclavius 


Lateral peetoral 
Origin: Lateral eord 
Spinal segments: C5 to C7 


Musculocutaneous 
Origin: Lateral eord 
Spinal segments: C5 to C7 


Function: motor 
Peetoralis major 



Function: motor 

All muscles in the anterior eompartment of the arm 

Function: sensory 

Skin on lateral side of forearm 


Medial peetoral 

Origin: Medial eord 

Spinal segments: C8, T1 

(also reeeives contributions from spinal 

segments C5 to C7 through a communication 

with the lateral peetoral nerve) 

Medial cutaneous of arm 
Origin: Medial eord 
Spinal segments: C8, T1 




Function: motor 

Peetoralis major, peetoralis minor 


Function: sensory 

Skin on medial side of distal one-third of arm 
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Table 7.7 Branehes of braehial plexus (parentheses indieate that a spinal segment is a minor eomponent of the nerve or is 

ineonsistently present in the nerve)—eont'd 


Braneh 

Medial cutaneous of forearm 
Origin: Medial eord 
Spinal segments: C8, T1 


Median 

Origin: Medial and lateral eords 
Spinal segments: (C5), C6 to T1 


Ulnar 

Origin:Medial eord 
Spinal segments: (C7), C8, T1 


Superior subscapular 
Origin: Posterior eord 
Spinal segments: C5, C6 






Function: sensory 

Skin on medial side of forearm 


Function: motor 

All muscles in the anterior eompartment of the forearm (except 
flexor earpi ulnaris and medial half of flexor digitorum profundus), 
three thenar muscles of the thumb and two lateral lumbrical muscles 
Function: sensory 

Skin over the palmar surface of the lateral three and one-half digits 
and over the lateral side of the palm and middle of the wrist 

Function: motor 

All intrinsie muscles ofthe hand (exceptthree thenar muscles 
and two lateral lumbricals); also flexor earpi ulnaris and the medial 
half of flexor digitorum profundus in the forearm 
Function: sensory 

Skin over the palmar surface of the medial one and one-half digits 
and assoeiated palm and wrist, and skin over the dorsal surface 
of the medial one and one-half digits 

Function: motor 
Subscapularis 


Thoraeodorsal 
Origin: Posterior eord 
Spinal segments: C6 to C8 


Inferior subscapular 
Origin: Posterior eord 
Spinal segments: C5, C6 


Axillary 

Origin: Posterior eord 
Spinal segments: C5, C6 


Radial 

Origin: Posterior eord 
Spinal segments: C5 to C8, (T1) 





Function: motor 
Latissimus dorsi 


Function: motor 
Subscapularis, teres major 


Function: motor 

Deltoid, teres minor 

Function: sensory 

Skin over upper lateral part of arm 


Function: motor 

All muscles in the posterior eompartments of arm and forearm 
Function: sensory 

Skin on the posterior aspeets of the arm and forearm, the lower 
lateral surface of the arm, and the dorsal lateral surface of the hand 
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The median nerve continues into the hand to 
innervate: 

the three thenar muscles assoeiated with the thumb, 
the two lateral lumbrical muscles assoeiated with move- 
ment of the index and middle fìngers, and 
the skin over the palmar surface of the lateral three and 
one-half digits and over the lateral side of the palm and 
middle of the wrist. 

The musculocutaneous nerve, the lateral root of the 
median nerve, the median nerve, the medial root of the 
median nerve, and the ulnar nerve form an M over 
the third part of the axillary artery (Fig. 7.55). This feature, 
together with penetration of the eoraeobraehialis muscle 
by the musculocutaneous nerve, ean be used to identify 
eomponents of the braehial plexus in the axilla. 

Branehes of the posterior eord 

Five nerves originate from the posterior eord of the bra- 
ehial plexus: 

the superior subscapular nerve, 
the thoraeodorsal nerve, 
the inferior subscapular nerve, 
the axillary nerve, and 
the radial nerve (Fig. 7.53). 

All these nerves except the radial nerve innervate 
muscles assoeiated with the posterior wall of the axilla; the 
radial nerve passes into the arm and forearm. 

The superior subscapular, thoraeodorsal, and inferior 
subscapular nerves originate sequentially from the poste- 
rior eord and pass direetly into muscles assoeiated with the 
posterior axillary wall (Fig. 7.56). The superior subscap- 
ular nerve is short and passes into and supplies the sub- 
scapularis muscle. The thoraeodorsal nerve is the longest 


of these three nerves and passes vertieally along the poste- 
rior axillary wall. It penetrates and innervates the latissi- 
mus dorsi muscle. The inferior subscapular nerve also 
passes inferiorly along the posterior axillary wall and inner- 
vates the subscapularis and teres major muscles. 

The axillary nerve originates from the posterior eord 
and passes inferiorly and laterally along the posterior 
wall to exit the axilla through the quadrangular spaee 
(Fig. 7.56). It passes posteriorly around the surgical neek 
of the humerus and innervates both the deltoid and teres 
minor muscles. A superior lateral cutaneous nerve of 
the arm originates from the axillary nerve after passing 
through the quadrangular spaee and loops around the pos- 
terior margin of the deltoid muscle to innervate skin in 
that region. The axillary nerve is aeeompanied by the pos- 
terior circumflex humeral artery. 

The radial nerve is the largest terminal braneh of the 
posterior eord (Fig. 7.56). It passes out of the axilla and 
into the posterior eompartment of the arm by passing 
through the triangular interval between the inferior border 
of the teres major muscle, the long head of the trieeps 
braehii muscle, and the shaft of the humerus. It is aeeom- 
panied through the triangular interval by the profunda 
braehii artery, which originates from the braehial artery in 
the anterior eompartment of the arm. The radial nerve and 
its branehes innervate: 

all muscles in the posterior eompartments of the arm 
and forearm, and 

the skin on the posterior aspeet of the arm and forearm, 
the lower lateral surface of the arm, and the dorsal 
lateral surface of the hand. 

The posterior cutaneous nerve of the arm (poste- 
rior braehial cutaneous nerve) originates from the 
radial nerve in the axilla and innervates skin on the poste- 
rior surface of the arm. 
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Fig. 7.56 Branehes of the posterior eord of the braehial plexus. 


In the elinie 

lnjuries to the braehial plexus 

The braehial plexus is an extremely complex structure. 
When damaged, it requires meticulous elinieal history 
taking and examination. Assessment of the individual 
nerve functions ean be obtained by nerve conduction 
studies and eleetromyography, vvhieh assess the lateney of 
muscle eontraetion when the nerve is artifieially 
stimulated. 

Braehial plexus injuries are usually the result of blunt 
trauma producing nerve avulsions and disruption. These 


injuries are usually devastating for the function of the 
upper limb and require many months of dedieated 
rehabilitation for even a small amount of function to 
return. 

Spinal eord injuries in the eervieal region and direet 
pulling injuries tend to affeet the roots of the braehial 
plexus. Severe trauma to the fìrst rib usually affeets the 
trunks. The divisions and eords of the braehial plexus ean 
be injured by disloeation of the glenohumeral joint. 
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Lymphaties 

All lymphaties from the upper limb drain into lymph nodes 
in the axilla (Fig. 7.57). 

In addition, axillary nodes reeeive drainage from an 
extensive area on the adjaeent trunk, which includes 
regions of the upper baek and shoulder, the lower neek, the 
ehest, and the upper anterolateral abdominal wall. Axil- 
lary nodes also reeeive drainage from approximately 7 5 % 
of the mammary gland. 


The 20-30 axillary nodes are generally divided into five 
groups on the basis of loeation. 

Humeral (lateral) nodesposteromedial to the axillary 
vein reeeive most of the lymphatie drainage from the 
upper limb. 

Peetoral (anterior) nodes occur along the inferior 
margin of the peetoralis minor muscle along the course 
of the lateral thoraeie vessels and reeeive drainage from 
the abdominal wall, the ehest, and the mammary gland. 
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Fig. 7.57 Lymph nodes and vessels in the axilla. 
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Axillary proeess of the mammary gland 


Subscapular (posterior) nodes on the posterior axil- 
lary wall in assoeiation with the subscapular vessels 
drain the posterior axillary wall and reeeive lymphaties 
from the baek, the shoulder, and the neek. 

Central nodes are embedded in axillary fat and reeeive 
tributaries from humeral, subscapular, and peetoral 
groups of nodes. 

Apieal nodes are the most superior group of nodes in 
the axilla and drain all other groups of nodes in the 
region. In addition, they reeeive lymphatie vessels that 
aeeompany the eephalie vein as well as vessels that 
drain the superior region of the mammary gland. 

Efferent vessels from the apieal group eonverge to form 
the subclavian trunk, which usually joins the venous 
system at the junction between the right subclavian vein 
and the right internal jugular vein in the neek. On the left, 
the subclavian trank usually joins the thoraeie duct in the 
base of the neek. 

In the elinie 

Breast eaneer 

Lymphatie drainage from the lateral part of the breast 
passes through nodes in the axilla. Signifieant 
disruption to the normal lymphatie drainage of the 
upper limb may occur if a masteetomy or a surgical 
axillary nodal elearanee has been earried out for breast 
eaneer. Forthermore, some patients have radiotherapy 
to the axilla to prevent the spread of metastatie disease, 
but a side effeet of this is the destmetion of the tiny 
lymphaties as well as the eaneer eells. 

If the lymphatie drainage of the upper limb is 
damaged, the arm may swell and pitting edema 
(lymphedema) may develop. 


Although the mammary gland is in superficial faseia over- 
lying the thoraeie wall, its superolateral region extends 
along the inferior margin of the peetoralis major muscle 
toward the axilla. In some eases, this may pass around the 
margin of the imisele to penetrate deep faseia and enter the 
axilla (Fig. 7.58). This axillary proeess rarely reaehes as 
high as the apex of the axilla. 


Axillary proeess Breast 



Fig. 7.58 Axillary proeess of the breast. 
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ARM 


The arm is the region of the upper limb between the shoul- 
der and the elbow (Fig. 7.59). The superior aspeet of the 
arm communicates medially with the axilla. Inferiorly, a 
number of important structures pass between the arm and 
the forearm through the cubital fossa, which is positioned 
anterior to the elbow joint. 

The arm is divided into two eompartments by medial 
and lateral intermuscular septa, which pass from eaeh side 


of the humerus to the outer sleeve of deep faseia that sur- 
rounds the limb (Fig. 7.59). 

The anterior eompartment of the arm eontains muscles 
that predominantly flex the elbow joint; the posterior 
eompartment eontains muscles that extend the joint. 
Major nerves and vessels supply and pass through eaeh 
eompartment. 
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Fig. 7.59 Arm. A. Proximal and distal relationships. B. Transverse seetion through the middle of the arm. 
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Bones 

The skeletal support for the arm is the humerus (Fig. 7.60). 
Most of the large muscles of the arm insert into the proxi- 
mal ends of the two bones of the forearm, the radius and 
the ulna, and flex and extend the forearm at the elbow 
joint. In addition, the imiseles predominantly situated in 
the forearm that move the hand originate at the distal end 
of the humerus. 

Shaft and distal end of the humerus 

In eross seetion, the shaft of the humerus is somewhat 
triangular with: 

■ anterior, lateral, and medial borders, and 

■ anterolateral, anteromedial, and posterior sur- 

faees (Fig. 7.60). 

The posterior surface of the humerus is marked on its 
superior aspeet by a linear roughening for the attaehment 
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of the lateral head of the trieeps braehii muscle, beginning 
just inferior to the surgical neek and passing diagonally 
aeross the bone to the deltoid tuberosity. 

The middle part of the posterior surface and adjaeent 
part of the anterolateralsurface are marked by the shallow 
radial groove, which passes diagonally down the bone 
and parallel to the sloping posterior margin of the deltoid 
tuberosity. The radial nerve and the profunda braehii 
artery lie in this groove. 

Approximately in the middle of the shaft, the medial 
border is marked by thin elongate roughening for the 
attaehment of the eoraeobraehialis muscle. 

Intermuscular septa, which separate the anterior eom- 
partment from the posterior eompartment, attaeh to the 
medial and lateral borders (Fig. 7.61). 
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Fig. 7.60 Humerus. Posterior view. 


Fig. 7.61 Distal end of the humerus. 
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Distally, the bone beeomes flattened, and these borders 
expand as the lateral siipraepieondylar ridge (lateral 
supracondylar ridge) and the medial supraepicondy- 
lar ridge (medial supracondylar ridge). The lateral 
supraepicondylar ridge is more pronounced than the 
medial ridge and is roughened for the attaehment of 
muscles f ound in the posterior eompartment of the f orearm. 

The distal end of the humerus, which is flattened in the 
anteroposterior plane, bears a eondyle, two epieondyles, 
and three fossae, as follows (Fig. 7.61). 

The eondyle 

The two articular parts of the eondyle, the capitulum and 
the troehlea, articulate with the two bones of the forearm. 

The capitulum articulates with the radius of the 
forearm. Lateral in position and hemispherieal in shape, it 
projeets anteriorly and somewhat inferiorly and is not visible 
when the humerus is viewed from the posterior aspeet. 

The troehlea articulates with the ulna of the forearm. 
It is pulley shaped and lies medial to the capitulum. Its 
medial edge is more pronounced than its lateral edge and, 
unlike the capitulum, it extends onto the posterior surface 
of the bone. 

The two epieondyles 

The two epieondyles lie adjaeent, and somewhat superior, 
to the troehlea and capitulum (Fig. 7.61). 

The medial epieondyle, a large bony protuberance, is 
the major palpable landmark on the medial side of the 
elbow, and projeets medially from the distal end of the 
humerus. On its surface, it bears a large oval impression 
for the attaehment of muscles in the anterior eompart- 
ment of the forearm. The ulnar nerve passes from the arm 
into the forearm around the posterior surface of the medial 
epieondyle and ean be palpated against the bone in this 
loeation. 

The lateral epieondyle is much less pronounced than 
the medial epieondyle. It is lateral to the capitulum and has 
a large irregular impression for the attaehment of muscles 
in the posterior eompartment of the forearm. 

The three fossae 

Three fossae occur superior to the troehlea and capitulum 
on the distal end of the humerus (Fig. 7.61). 

The radial fossa is the least distinet of the fossae and 
occurs immediately superior to the capitulum on the ante- 
rior surface of the humerus. 

The eoronoid fossa is adjaeent to the radial fossa and 
is superior to the troehlea. 

The largest of the fossae, the oleeranon fossa, occurs 
immediately superior to the troehlea on the posterior 
surface of the distal end of the humerus. 


These three fossae aeeommodate projeetions from the 
bones in the forearm during movements of the elbow 
joint. 

Proximal end of the radius 

The proximal end of the radius eonsists of a head, a neek, 
and the radial tuberosity (Fig. 7.62A,B). 

The head of the radius is a thiek dise-shaped structure 
oriented in the horizontal plane. The circular superior 
surface is eoneave for articulation with the capitulum of 
the humerus. The thiek margin of the dise is broad medi- 
ally where it articulates with the radial noteh on the proxi- 
mal end of the ulna. 

The neek of the radius is a short and narrow eylinder 
of bone between the expanded head and the radial tuberos- 
ity on the shaft. 

The radial tuberosity is a large blunt projeetion on the 
medial surface of the radius immediately inferior to the 
neek. Much of its surface is roughened for the attaehment 
of the bieeps braehii tendon. The oblique line of the radius 
continues diagonally aeross the shaft of the bone from the 
inferior margin of the radial tuberosity. 

Proximal end of the ulna 

The proximal end of the ulna is much larger than the prox- 
imal end of the radius and eonsists of the oleeranon, the 
eoronoid proeess, the troehlear noteh, the radial noteh, 
and the tuberosity of the ulna (Fig. 7.63A,B). 

The oleeranon is a large projeetion of bone that 
extends proximally from the ulna. Its anterolateral surface 
is articular and contributes to the formation of the troeh- 
lear noteh, which articulates with the troehlea of the 
humerus. The superior surface is marked by a large 
roughened impression for the attaehment of the trieeps 
braehii muscle. The posterior surface is smooth, shaped 
somewhat triangularly, and ean be palpated as the ‘Tip of 
the elbow.” 

The eoronoid proeess projeets anteriorly from the 
proximal end of the ulna (Fig. 7.63). Its superolateral 
surface is articular and partieipates, with the oleeranon, in 
forming the troehlear noteh. The lateral surface is 
marked by the radial noteh for articulation with the head 
of the radms. 

Just inferior to the radial noteh is a fossa that allows the 
radial tuberosity to ehange position during pronation and 
supination. The posterior margin of this fossa is broadened 
to form the supinator erest. The anterior surface of the 
eoronoid proeess is triangular, with the apex direeted dis- 
tally, and has a number of roughenings for muscle attaeh- 
ment. The largest of these roughenings, the tuberosity of 
the ulna, is at the apex of the anterior surface and is the 
attaehment site for the braehialis muscle. 
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Fig. 7.62 A. Anterior view of the proximal end of the radius. B. Radiograph of the elbow joint (anteroposterior view). 
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Fig. 7.63 A. Lateral, anterior, medial, and posterior views of the proximal end of the ulna. 
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Fig. 7.63, eont’d B. Radiograph of the elbovv joint (lateral view). 
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The anterior eompartment of the arm eontains three 
rmiseles—the eoraeobraehialis, braehialis, and bieeps 
braehii muscles—which are innervated predominantly by 
the musculocutaneous nerve. 

The posterior eompartment eontains one muscle—the 
trieeps braehii muscle—which is innervated by the radial 
nerve. 

Coracobrachialis 

The eoraeobraehialis miisele extends from the tip of the 
eoraeoid proeess of the scapula to the medial side of the 
midshaft of the humerus (Fig. 7.64 and Table 7.8). It 
passes through the axilla and is penetrated and innervated 
by the musculocutaneous nerve. 

The eoraeobraehialis muscle flexes the arm. 

Bieeps braehii 

The bieeps braehii muscle has two heads: 

The short head of the muscle originates from the eora- 
eoid proeess in conjunction with the eoraeobraehialis. 
The long head originates as a tendon from the supragle- 
noid tubercle of the scapula (Fig. 7.64 and Fable 7.8). 


Fig. 7.64 Coracobrachialis, bieeps braehii, and braehialis muscles. 


The tendon of the long head passes through the gleno- 
humeral joint superior to the head of the humerus and 
then passes through the intertubercular sulcus and enters 
the arm. In the arm, the tendon joins with its muscle belly 
and, together with the muscle belly of the short head, over- 
lies the braehialis muscle. 

The long and short heads eonverge to form a single 
tendon, which inserts onto the radial tuberosity. 

As the tendon enters the forearm, a flat sheet of eonnee- 
tive tissue (the bieipital aponeurosis) fans out from the 
medial side of the tendon to blend with deep faseia eovering 
the anterior eompartment of the forearm. 

The bieeps braehii muscle is a powerful flexor of the 
forearm at the elbow joint; it is also the most powerful 
supinator of the forearm when the elbow joint is flexed. 
Because the two heads of the bieeps braehii muscle eross 
the glenohumeral joint, the imisele ean also flex the gleno- 
humeral joint. 
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Table 7.8 Muscles of the anterior eompartment of the arm (spinal segments in bold are the major segments innervating the muscle) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Coracobrachialis 

Apex of eoraeoid proeess 

Linear roughening on 
midshaft of humerus 
on medial side 

Musculocutaneous nerve 
(C5, C6, C7) 

Flexor of the arm at the 
glenohumeral joint 

Bieeps braehii 

Long head—supraglenoid 
tubercle of scapula; short 
head—apex of eoraeoid 
proeess 

Radial tuberosity 

Musculocutaneous nerve 
(C5, C6) 

Powerful flexor of the forearm at 
the elbow joint and supinator of 
the forearm; aeeessory flexor of 
the arm at the glenohumeral joint 

Braehialis 

Anterior aspeet of humerus 
(medial and lateral surfaces) 
and adjaeent intermuscular 
septae 

Tuberosity ofthe ulna 

Musculocutaneous nerve 
(C5, C6); small contribution 
by the radial nerve (C7) to 
lateral part of muscle 

Powerful flexor of the forearm at 
the elbow joint 


The bieeps braehii muscle is innervated by the muscu- 
locutaneous nerve. A tap on the tendon of the bieeps 
braehii at the elbow is used to test predominantly spinal 
eord segment C6. 


In the elinie 

Rupture of bieeps tendon 

It is relatively unusual for muscles and their tendons to 
rupture in the upper limb; however, the tendon that 
most eommonly ruptures is the tendon of the long 
head of the bieeps braehii muscle. In isolation, this has 
relatively little effeet on the upper limb, but it does 
produce a eharaeteristie deformity—on flexing the 
elbow 7 there is an extremely prominent bulge of 
the muscle belly as its unrestrained fibers eontraet— 
the "Popeye" sign. 


Braehialis 

The braehialis muscle originates from the distal half of 
the anterior aspeet of the humerus and from adjaeent 
parts of the intermuscular septa, particularly on the medial 
side (Fig. 7.64 and Table 7.8). It lies beneath the bieeps 
braehii muscle, is flattened dorsoventrally, and eonverges 
to form a tendon, which attaehes to the tuberosity of the 
ulna. 

The braehialis muscle flexes the forearm at the elbow 
joint. 

Innervation of the braehialis muscle is predominantly 
by the musculocutaneous nerve. A small eomponent of the 
lateral part is innervated by the radial nerve. 

Posterior eompartment 

The only muscle of the posterior eompartment of the arm 
is the trieeps braehii muscle (Fig. 7.65 and Table 7.9). 
The trieeps braehii muscle has three heads: 



Fig.7.65 Trieeps muscle. 
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Table 7.9 Muscle of the posterior eompartment of the arm (spinal segment indieated in bold is the major segment innervating 

the muscle) 

Muscle Origin Insertion Innervation Function 


Trieeps braehii Long head—infraglenoid tubercle of scapula; Oleeranon Radial nerve 

medial head—posterior surface of humerus; (C6, C7, C8) 

lateral head—posterior surface of humerus 


Extension of the forearm at the elbow joint; 
long head ean also extend and adductthe 
arm at the shoulder joint 


The long head originates from the infraglenoid tubercle 
of the scapula. 

The medial head originates from the extensive area on 
the posterior surface of the shaí’t of the humerus infe- 
rior to the radial groove. 

■ The lateral head originates from a linear roughening 
superior to the radial groove of the humerus. 

The three heads eonverge to form a large tendon, which 
inserts on the superior surface of the oleeranon of the 
ulna. 

The trieeps braehii muscle extends the forearm at the 
elbow joint. 

Innervation of the trieeps braehii is by branehes of the 
radial nerve. A tap on the tendon of the trieeps braehii tests 
predominantly spinal eord segment C7. 

Arteries and veins 

Braehial artery 

The major artery of the arm, the braehial artery, is found 
in the anterior eompartment (Fig. 7.66A). Beginning as a 
continuation of the axillary artery at the lower border of 
the teres major muscle, it terminates just distal to the elbow 
joint where it divides into the radial and ulnar arteries. 

In the proximal arm, the braehial artery lies on the 
medial side. In the distal arm, it moves laterally to assume 
a position midway between the lateral epieondyle and the 
medial epieondyle of the humerus. It erosses anteriorly to 
the elbow joint where it lies immediately medial to the 
tendon of the bieeps braehii muscle. The braehial artery is 
palpable along its length. In proximal regions, the braehial 
artery ean be eompressed against the medial side of the 
humerus. 

Branehes of the braehial artery in the arm include those 
to adjaeent muscles and two ulnar eollateral vessels, which 
contribute to a network of arteries around the elbow joint 
(Fig. 7.66B). Additional branehes are the profunda braehii 
artery and nutrient arteries to the humerus, which pass 
through a foramen in the anteromedial surface of the 
humeral shaft. 

Profimda braehii artery 

756 The profimda braehii artery, the largest braneh of 

the braehial artery, passes into and supplies the posterior 


eompartment of the arm (Fig. 7.66A,B). It enters the pos- 
terior eompartment with the radial nerve and together 
they pass through the triangular interval, which is formed 
by the shaft of the humerus, the inferior margin of the 
teres major muscle, and the lateral margin of the long head 
of the trieeps muscle. They then pass along the radial 
groove on the posterior surface of the humerus deep to the 
lateral head of the trieeps braehii muscle. 

Branehes of the profunda braehii artery supply adjaeent 
muscles and anastomose with the posterior circumflex 
humeral artery. The artery terminates as two eollateral 
vessels, which contribute to an anastomotie network of 
arteries around the elbow joint (Fig. 7.66B). 


In the elinie 

Blood pressure measurement 

Blood pressure measurement is an extremely important 
physiologieal parameter. High blood pressure 
(hypertension) requires treatment to prevent long-term 
eomplieations such as stroke. Low blood pressure may 
be caused by extreme blood loss, widespread infeetion, 
or poor eardiae output (e.g., after myoeardial infaretion). 
Accurate measurement of blood pressure is essential. 

Most elinieians use a sphygmomanometer and a 
stethoseope. The sphygmomanometer is a deviee that 
inflates a cuff around the midportion of the arm to 
eompress the braehial artery against the humerus. The 
cuff is inflated so it exceeds the systolie blood pressure 
(greater than 120 mm Hg). The elinieian plaees a 
stethoseope over the braehial artery in the cubital fossa 
and listens (auscultates) for the pulse. As the pressure in 
the arm cuff of the sphygmomanometer is reduced just 
below the level of the systolie blood pressure, the pulse 
beeomes audible as a regular thumping sound. As the 
pressure in the sphygmomanometer continues to drop, 
the regular thumping sound beeomes elearer. When the 
pressure in the sphygmomanometer is less than that of 
the diastolie blood pressure, the audible thumping 
sound beeomes inaudible. llsing the simple seale on the 
sphygmomanometer, the patient's blood pressure ean 
be determined. The normal range is 120/80 mm Hg 
(systolie blood pressure/diastolic blood pressure). 
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Fig.7.66 Braehial artery. A. In context 
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Fig. 7.66, eont’d Braehial artery. B. Branehes 
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Veins 

Paired braehial veins pass along the medial and lateral 
sides of the braehial artery, reeeiving tributaries that 
aeeompany branehes of the artery (Fig. 7.67). 

In addition to these deep veins, two large subcutaneous 
veins, the basilie vein and the eephalie vein, are loeated in 
the arm. 


The basilie vein passes vertieally in the distal half of the 
arm, penetrates deep faseia to assume a position medial to 
the braehial artery, and then beeomes the axillary vein at 
the lower border of the teres major muscle. The braehial 
veins join the basilie, or axillary, vein. 

The eephalie vein passes superiorly on the anterolateral 
aspeet of the arm and through the anterior wall of the 
axilla to reaeh the axillary vein. 
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Fig. 7.67 Veins of the arm. 
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Nerves 

Musculocutaneous nerve 

The musculocutaneous nerve leaves the axilla and enters 
the arm by passing through the eoraeobraehialis muscle 
(Fig. 7.68). It passes diagonally down the arm in the plane 
between the bieeps braehii and braehialis muscles. After 
giving rise to motor branehes in the arm, it emerges later- 
ally to the tendon of the bieeps braehii muscle at the elbow, 


penetrates deep faseia, and continues as the lateral cuta- 
neous nerve of the forearm. 

The musculocutaneous nerve provides: 


motor innervation to all muscles in the anterior eom- 
partment of the arm, and 

sensory innervation to skin on the lateral surface of the 
forearm. 
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Fig. 7.68 Musculocutaneous, median, and ulnar nerves in the arm. 
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Median nerve 

The median nerve enters the arm from the axilla at the 
inferior margin of the teres major muscle (Fig. 7.68). It 
passes vertieally down the medial side of the arm in the 
anterior eompartment and is related to the braehial artery 
throughout its course: 

In proximal regions, the median nerve is immediately 
lateral to the braehial artery. 

In more distal regions, the median nerve erosses to the 
medial side of the braehial artery and lies anterior to the 
elbow joint. 

The median nerve has no major branehes in the arm, 
but a braneh to one of the muscles of the forearm, the 
pronator teres muscle, may originate from the nerve imme- 
diately proximal to the elbow joint. 

lllnar nerve 

The ulnar nerve enters the arm with the median nerve 
and axillary artery (Fig. 7.68). It passes through proximal 
regions medial to the axillary artery. In the middle of 
the arm, the ulnar nerve penetrates the medial intermus- 
cular septum and enters the posterior eompartment where 
it lies anterior to the medial head of the trieeps braehii 
muscle. It passes posterior to the medial epieondyle of the 
humerus and then into the anterior eompartment of the 
forearm. 

The ulnar nerve has no major branehes in the arm. 

Radial nerve 

The radial nerve originates from the posterior eord of the 
braehial plexus and enters the arm by erossing the inferior 


margin of the teres major muscle (Fig. 7.69). As it enters 
the arm, it lies posterior to the braehial artery. Aeeompa- 
nied by the profunda braehii artery, the radial nerve enters 
the posterior eompartment of the arm by passing through 
the triangular interval. 

As the radial nerve passes diagonally, from medial to 
lateral, through the posterior eompartment, it lies in the 
radial groove direetly on bone. On the lateral side of the 
arm, it passes anteriorly through the lateral intermuscular 
septum and enters the anterior eompartment where it lies 
between the braehialis muscle and a muscle of the poste- 
rior eompartment of the forearm—the braehioradialis 
muscle, which attaehes to the lateral supraepicondylar 
ridge of the humerus. The radial nerve enters the forearm 
anterior to the lateral epieondyle of the humerus, just deep 
to the braehioradialis muscle. 

In the arm, the radial nerve has muscular and cutane- 
ous branehes (Fig. 7.69). 

■ Muscular branehes include those to the trieeps braehii, 
braehioradialis, and extensor earpi radialis longus 
muscles. In addition, the radial nerve contributes to the 
innervation of the lateral part of the braehialis muscle. 
One of the branehes to the medial head of the trieeps 
braehii rmisele arises before the radial nerve’s entranee 
into the posterior eompartment and passes vertieally 
down the arm in assoeiation with the ulnar nerve. 
Cutaneous branehes of the radial nerve that originate 
in the posterior eompartment of the arm are the infe- 
rior lateral cutaneous nerve of the arm and the 
posterior cutaneous nerve of the forearm, both of 
which penetrate through the lateral head of the trieeps 
braehii muscle and the overlying deep faseia to beeome 
subcutaneous. 
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Fig. 7.69 Radial nerve in the arm. 
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In the elinie 

Radial nerve injury in the arm 

The radial nerve is tightly bound with the profunda 
braehii artery between the medial and lateral heads of 
thetrieeps braehii muscle in the radial groove. If the 
humerus is fractured, the radial nerve may beeome 
stretehed or transeeted in this region, leading to 
permanent damage and loss of function. This injury is 
typieal ( : ig. 7.70) and the nerve should always be tested 
when a fracture of the midshaft of the humerus is 
suspected. The patient's symptoms usually include wrist 
drop (due to denervation of the extensor muscles) and 
sensory ehanges over the dorsum of the hand. 


Humerus 



Fig. 7.70 Radiograph of the humerus demonstrating a 
midshaft fracture, which may dismpt the radial nerve. 


In the elinie 

Median nerve injury in the arm 

In the arm and forearm the median nerve is usually not 
injured by trauma because of its relatively deep 
position. The eommonest neurological problem 
assoeiated with the median nerve is eompression 
beneath the flexor retinaculum at the wrist (earpal 
tunnel syndrome). 

On very rare oeeasions, a fibrous band may arise 
from the anterior aspeet of the humerus beneath which 
the median nerve passes. This is an embryologieal 
remnant of the eoraeobraehialis muscle and is 
sometimes ealled the ligament of Stmthers; 
oeeasionally, it may ealeify. This band ean eompress the 
median nerve, resulting in weakness of the flexor 
muscles in the forearm and the thenar muscles. Nerve 
conduction studies will demonstrate the site of nerve 
eompression. 
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ELBOVV JOINT 

The elbow joint is a complex joint involving three sepa- 
rate articulations, which share a eommon synovial eavity 

(Fig. 7.71). 

The joints between the troehlear noteh of the ulna 
and the troehlea of the humerus and between the head 
of the radius and the capitulum of the humerus are 


primarily involved with hinge-like flexion and extension 
of the forearm on the arm and, together, are the prinei- 
pal articulations of the elbow joint. 

The joint between the head of the radius and the radial 
noteh of the ulna, the proximal radio-ulnar joint, is 
involved with pronation and supination of the forearm. 

The articular surfaces of the bones are eovered with 
hyaline eartilage. 
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Fig. 7.71 Components and movements of the elbow joint. A. Bones and joint surfaces. B. Flexion and extension. C. Pronation and supination. 
D. Radiograph of a normal elbow joint (anteroposterior view). 
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The synovial membrane originates from the edges of the 
articular eartilage and lines the radial fossa, the eoronoid 
fossa, the oleeranon fossa, the deep surface of the joint 
capsule, and the medial surface of the troehlea (Fig. 7.72). 

The synovial membrane is separated from the fibrous 
membrane of the joint capsule by pads of fat in regions 
overlying the eoronoid fossa, the oleeranon fossa, and the 
radial fossa. These fat pads aeeommodate the related bony 
proeesses during extension and flexion of the elbow. 
Attaehments of the braehialis and trieeps braehii muscles 
to the joint capsule overlying these regions pull the attaehed 
fat pads out of the way when the adjaeent bony proeesses 
are moved into the fossae. 

The fibrous membrane of the joint capsule overlies the 
synovial membrane, eneloses the joint, and attaehes to the 
medial epieondyle and the margins of the oleeranon, eoro- 
noid, and radial fossae of the humerus (Fig. 7.73). It also 
attaehes to the eoronoid proeess and oleeranon of the 
ulna. On the lateral side, the free inferior margin of the 
joint capsule passes around the neek of the radius from an 
anterior attaehment to the eoronoid proeess of the ulna to 
a posterior attaehment to the base of the oleeranon. 

The fibrous membrane of the joint capsule is thiekened 
medially and laterally to form eollateral ligaments, which 




membrane 


Fig. 7.72 Synovial membrane of elbow joint (anterior view). 
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Fig. 7.73 Elbow joint. A. Joint capsule and ligaments of the right elbow joint. B. Magnetie resonanee image of the elbow joint in the eoronal 
plane. 
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support the flexion and extension movements of the elbow 
joint (Fig. 7.73). 

In addition, the external surface of the joint capsule is 
reinforeed laterally where it cuffs the head of the radius 
with a strong amilar ligament of the radius. Although 
this ligament blends with the fibrous membrane of the 
joint capsule in most regions, they are separate posteriorly. 
The anular ligament of the radius also blends with the 
radial eollateral ligament. 

The anular ligament of the radius and related joint 
capsule allow the radial head to slide against the radial 
noteh of the ulna and pivot on the capitulum during pro- 
nation and supination of the forearm. 

The deep surface of the fibrous membrane of the joint 
capsule and the related anular ligament of the radius that 


articulate with the sides of the radial head are lined by 
eartilage. A poeket of synovial membrane (saeeiform 
reeess) protrudes from the inferior free margin of the joint 
capsule and faeilitates rotation of the radial head during 
pronation and supination. 

Vascular supply to the elbow joint is through an anas- 
tomotie network of vessels derived í’rom eollateral and 
recurrent branehes of the braehial, profunda braehii, 
radial, and ulnar arteries. 

The elbo w j oin t i s inner vated predominan tly b y br anehes 
of the radial and musculocutaneous nerves, but there may 
be some innervation by branehes of the ulnar and median 
nerves. 


In the elinie 

Supracondylar fracture of the humerus 

Elbow injuries in ehildren may result in a transverse 
fracture of the distal end of the humerus 7 above the 
level of the epieondyles. This fracture is termed a 
supracondylar fracture. The distal fragment and its soft 
tissues are pulled posteriorly by the trieeps muscle. This 
posterior displaeement effeetively "bowstrings" the 
braehial artery over the irregular proximal fracture 
fragment. In ehildren, this is a relatively devastating 
injury: the muscles of the anterior eompartment of the 
forearm are rendered isehemie and form severe 
eontraetions, signifieantly reducing the function of the 
anterior eompartment and flexor muscles (Volkmann's 
isehemie contracture). 


In the elinie 

Pulled elbow 

Pulled elbow is a disorder that typieally occurs in 
ehildren under 5 years of age. It is eommonly caused by 
a sharp pull of the ehild's hand, usually when the ehild 
is pulled up a curb. The not-yet-developed head of the 
radius and the laxity of the anular ligament of the radius 
allow the head to sublux from this cuff of tissue. Pulled 
elbow is extremely painful r but ean be treated easily by 
simple supination and eompression of the elbow joint 
by the elinieian. When the radial head is reloeated the 
pain subsides immediately and the ehild ean continue 
with normal aetivity. 


766 


Regional anatomy • ElbowJoint 


7 


ln the elinie 

Developmental ehanges in the elbow joint 

The elbow joint ean be injured in many ways; the types of 
injuries are age dependent. When a fracture or soft tissue 
trauma is suspected, a plain lateral and an anteroposterior 
radiograph are obtained. In an adult it is usually not 
difficult to interpret the radiograph, but in ehildren 
additional faetors require interpretation. 

As the elbow develops in ehildren, numerous 
seeondary ossifieation eenters appear before and around 
puberty. It is easy to mistakenly interpret these as 
fractures. In addition, it is also possible for the epiphyses 
and apophyses to be "pulled off" or disrupted. Therefore, 
when interpreting a ehild's radiograph of the elbow, the 


physieian must know the ehild's age (Fig. 7.74). Fusion 
occurs at around the time of puberty. An understanding 
of the normal epiphyses and apophyses and their normal 
relationship to the bones will secure a eorreet diagnosis. 
The approximate ages of appearanee of the seeondary 
ossifieation eenters around the elbow joint are: 

■ capitulum—1 year, 

■ head (of radius)—5 years, 

■ medial epieondyle—5 years, 

■ troehlea—11 years, 

■ oleeranon—12years,and 

■ lateral epieondyle—13 years. 



Fig. 7.74 Radiographs of elbow joint development. A. At age 2 years. B. At age 5 years. C. At age 5-6 years. D. At age 12 years. 
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ln the elinie 

Fracture of the head of the radius 

A fracture of the head of the radius is a eommon injury 
and ean cause appreeiable morbidity. It is one of the 
typieal injuries that occur with a fall on the outstretched 
hand. On falling, the foree is transmitted to the radial 
head, which fractures. These fractures typieally result 
in loss of full extension, and potential surgical 
reconstruction may require long periods of 
physiotherapy to obtain a full range of movement 
at the elbowjoint. 

A lateral radiograph of a fracture of the head of 
the radius typieally demonstrates the seeondary 
phenomenon of this injury. When the bone is fractured, 
fluid fills the synovial eavity, elevating the small pad of 
fat within the eoronoid and oleeranon fossae. These fat 
pads appear as areas of lucency on the lateral 
radiograph—the "fat pad" sign. This radiologieal finding 
is useful because fracture of the head of the radius is 
not always elearly visible. If there is an appropriate 
elinieal history, tenderness around the head of the 
radius, and a positive fat pad sign, a fracture ean be 
inferred elinieally even if no fracture ean be identified 
on the radiograph, and appropriate treatment ean be 
instituted. 


In the elinie 

"Tennis" and "golfer's" elbow (epieondylitis) 

It is not uncommon for people who are involved in 
sports such as golf and tennis to develop an overnse 
strain of the origins of the flexor and extensor muscles 
of the forearm. The pain is typieally around the 
epieondyles and usually resolves after rest. If pain and 
inflammation persist, surgical division of the extensor or 
flexor origin from the bone may be neeessary. Typieally, 
in tennis players this pain occurs on the lateral 
epieondyle and eommon extensor origin (tennis elbow), 
whereas in golfers it occurs on the medial epieondyle 
and eommon flexor origin. 


In the elinie 

Elbow arthritis 

Osteoarthritis is extremely eommon and is usually most 
severe in the dominant limb. From time to time an 
arthritie elbow may undergo such degenerative ehange 
that small bone fragments appear in the articular eavity. 
Given the relatively small joint spaee, these fragments 
ean result in an appreeiable reduction in flexion and 
extension, and typieally lodge within the oleeranon and 
eoronoid fossae. 


In the elinie 

lllnar nerve injiiry at the elbow 

Posterior to the medial epieondyle of the humerus the 
ulnar nerve is bound in a fibro-osseous tunnel (the 
cubital tunnel) by a retinaculum. Older patients may 
develop degenerative ehanges within this tunnel, which 
eompresses the ulnar nerve when flexed. The repeated 
aetion of flexion and extension of the elbow may cause 
loeal nerve damage, resulting in impaired function of 
the ulnar nerve. Aeeessory muscles and loealized 
neuritis in this region seeondary to direet trauma may 
also produce ulnar nerve damage. 


GJBITAL FOSSA 

The cubital fossa is an important area of transition between 
the arm and the forearm. It is loeated anterior to the elbow 
joint and is a triangular depression formed between two 
forearm muscles: 

the braehioradialis muscle originating from the lateral 
supra-epicondylar ridge of the humerus, and 
the pronator teres muscle originating from the medial 
epieondyle of the humerus (Fig. 7.75A). 

The base of the triangle is an imaginary horizontal line 
between the medial and lateral epieondyles. The bed or 
floor of the fossa is formed mainly by the braehialis muscle. 

The major eontents of the cubital fossa, from lateral to 
medial, are: 

■ the tendon of the bieeps braehii muscle, 
the braehial artery, and 

■ the median nerve (Fig. 7.75B). 

The braehial artery normally bifurcates into the radial 
and ulnar arteries in the apex of the fossa (Fig. 7.75B), 
although this bifurcation may occur much higher in the 
arm, even in the axilla. When taking a blood pressure 
reading from a patient, the elinieian plaees the stethoseope 
over the braehial artery in the cubital fossa. 

The median nerve lies immediately medial to the bra- 
ehial artery and leaves the fossa by passing between the 
ulnar and humeral heads of the pronator teres muscle 
(Fig. 7.75C). 

The braehial artery and the median nerve are eovered 
and proteeted anteriorly in the distal part of the cubital 
fossa by the bieipital aponeurosis (Fig. 7.75B). This flat 
eonneetive tissue membrane passes between the medial 
side of the tendon of the bieeps braehii muscle and deep 
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Fig. 7.75 Cubital fossa. A. Margins. B. Contents. C. Position of the radial nerve. D. Superficial structures 
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faseia of the forearm. The sharp medial margin of the 
bieipital aponeurosis ean often be felt. 

The radial nerve lies just under the lip of the braehiora- 
dialis muscle, which forms the lateral margin of the fossa 
(Fig. 7.75C). In this position, the radial nerve divides into 
superficial and deep branehes: 

The superficial braneh continues into the forearm just 
deep to the braehioradialis muscle. 

The deep braneh passes between the two heads of the 
supinator muscle (see pp. 788-789 and Fig. 7.90) to 
aeeess the posterior eompartment of the forearm. 


The ulnar nerve does no t pass through t he cubital fossa. 
Instead, it passes posterior to the medial epieondyle. 

The roof of the cubital fossa is formed by superficial 
faseia and skin. The most important structure within the 
roof is the median cubital vein (Fig. 7.75D), which 
passes diagonally aeross the roof and eonneets the 
eephalie vein on the lateral side of the upper limb with the 
basilie vein on the medial side. The bieipital aponeurosis 
separates the median cubital vein from the braehial artery 
and median nerve. Other structures within the roof are 
cutaneous nerves—the medial cutaneous and lateral cuta- 
neous nerves of the forearm. 


In the elinie 


Construction of a dialysis fìstula 

Many patients throughout the world require renal dialysis 
for kidney failure. The patient's blood is filtered and 
eleaned by the dialysis maehine. Blood therefore has to be 
taken from patients into the filtering deviee and then 
returned to them. This proeess of dialysis occurs over 
many hours and requires eonsiderable fìow rates of 
250-500 mL per minute. To enable such large volumes of 
blood to be removed from and returned to the body, the 
blood is taken from vessels that have a high flow. As no 
veins in the peripheral limbs have such high flow, a 
surgical procedure is neeessary to ereate such a system. In 
most patients,the radial artery is anastomosed (joined) to 
the eephalie vein ( : ig. 7.76) at the wrist, or the braehial 
artery is anastomosed to the eephalie vein at the elbow. 
Some surgeons plaee an arterial graft between these 
vessels. 

After six weeks, the veins inerease in size in response to 
their arterial blood flow and are amenable to direet 
cannulation or dialysis. 


Ulnar artery Fistula Radial artery 



Fig. 7.76 Digital subtraction angiograms of forearm 
demonstrating a surgically ereated radioeephalie fistula. 
A. Anteroposterior view. B. Lateral view. 
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FOREARM 

The forearm is the part of the upper limb that extends 
between the elbow joint and the wrist joint. Proximally, 
most major structures pass between the arm and forearm 
through, or in relation to, the cubital fossa, which is ante- 
rior to the elbow joint (Fig. 7.77). The exception is the 


ulnar nerve, which passes posterior to the medial epieon- 
dyle of the humerus. 

Distally, structures pass between the forearm and the 
hand through, or anterior to, the earpal trnrnel (Fig. 7.77). 
The major exception is the radial artery, which passes dor- 
sally around the wrist to enter the hand posteriorly. 
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Fig. 7.77 Forearm. A. Proximal and distal relationships of the forearm. B. Transverse seetion through the middle of the forearm. 
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The bone framework of the forearm eonsists of two par- 
allel bones, the radius and the ulna (Figs. 7.77 and 7.78B). 
The radius is lateral in position and is small proximally, 
where it articulates with the humerus, and large distally, 
where it forms the wrist joint with the earpal bones of 
the hand. 

The ulna is medial in the forearm, and its proximal 
and distal dimensions are the reverse of those for the 
radius: the ulna is large proximally and small distally. Prox- 
imal and distal joints between the radhis and the ulna 
allow the distal end of the radhis to swing over the adjaeent 
end of the ulna, resulting in pronation and supination of 
the hand. 


Head 



Roughening 
for attaehment 



Anteríor border 



Anterior view 


Radial tuberosity 


Oblique line 

Anterior border 


Lateral 

surface 



Anterior surface 


lnterosseous 

border 



surface 


Posterior border 


lnterosseous border 


Posterior view 


Radial styloid 
proeess 



Dorsal tuberde 



Distal view 


Faeet for articulation 
with seaphoid bone 


Faeet for articulation 
with lunate bone 



As in the arm, the forearm is divided into anterior and 
posterior eompartments (Fig. 7.77). In the forearm, these 
eompartments are separated by: 

a lateral intermuscular septum, which passes from the 
anterior border of the radhis to deep faseia surrounding 
the limb; 

an interosseous membrane, which links adjaeent 
borders of the radius and ulna along most of their 
length; and 

the attaehment of deep faseia along the posterior border 
of the ulna. 


Humerus 


Radius 


Ulna 



Fig. 7.78 Radius. A. Shaft and distal end of the right radius. B. Radiograph of the forearm (anteroposterior view). 
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Fig. 7.79 Shaft and distal end of right ulna. 


Muscles in the anterior eompartment of the forearm flex 
the wrist and digits and pronate the hand. Muscles in the 
posterior eompartment extend the wrist and digits and 
supinate the hand. Major nerves and vessels supply or pass 
through eaeh eompartment. 

Bones 

Shaft and distal end of radius 

The shaft of the radius is narrow proximally, where it is 
continuous with the radial tuberosity and neek, and much 


broader distally, where it expands to form the distal end 

(Fig. 7.78). 

Throughout most of its length, the shaft of the radius is 
triangular in eross seetion, with: 

three borders (anterior, posterior, and interosseous), 

and 

three surfaces (anterior, posterior, and lateral). 

The anterior border begins on the medial side of the 
bone as a continuation of the radial tuberosity. In the supe- 
rior third of the bone, it erosses the shaft diagonally, from 
medial to lateral, as the oblique line of the radius. The 
posterior border is distinet only in the middle third of the 
bone. The interosseous border is sharp and is the attaeh- 
ment site for the interosseous membrane, which links the 
radius to the ulna. 

The anterior and posterior surfaces of the radius are 
generally smooth, whereas an oval roughening for the 
attaehment of the pronator teres marks approximately the 
middle of the lateral surface of the radius. 

Viewed anteriorly, the distal end of the radius is broad 
andsomewhatflattened anteroposteriorly (Fig. 7.78). Con- 
sequently, the radius has expansive anterior and posterior 
surfaces and narrow medial and lateral surfaces. Its ante- 
rior surface is smooth and unremarkable, except for the 
prominent sharp ridge that forms its lateral margin. 

The posterior surface of the radius is eharaeterized by 
the presenee of a large dorsal tubercle, which aets as a 
pulley for the tendon of one of the extensor muscles of the 
thumb (extensor pollieis longus). The medial surface is 
marked by a prominent faeet for articulation with the distal 
end of the ulna (Fig. 7.78). The lateral surface of the 
radius is diamond shaped and extends distally as a radial 
styloid proeess. 

The distal end of the bone is marked by two faeets for 
articulation with two earpal bones (the seaphoid and 
lunate). 

Shaft and distal end of ulna 

The shaft of the ulna is broad superiorly where it is eon- 
tinuous with the large proximal end and narrow distally to 
form a small distal head (Fig. 7.79). Like the radhis, the 
shaft of the ulna is triangular in eross seetion and has: 

three borders (anterior, posterior, and interosseous), 

and 

three surfaces (anterior, posterior, and medial). 

The anterior border is smooth and rounded. The 
posterior border is sharp and palpable along its entire 
length. The interosseous border is also sharp and is the 773 


























attaehment site for the interosseous membrane, which 
joins the ulna to the radius. 

The anterior surface of the ulna is smooth, except 
distally where there is a prominent linear roughening for 
the attaehment of the pronator quadratus muscle. The 
medial siirfaee is smooth and unremarkable. The poste- 
rior surface is marked by lines, which separate different 
regions of muscle attaehments to bone. 

The distal end of the ulna is small and eharaeterized by 
a rounded head and the ulnar styloid proeess (Fig. 7.79). 
The anterolateral and distal part of the head is eovered by 
articular eartilage. The ulnar styloid proeess originates 
from the posteromedial aspeet of the ulna and projeets 
distally. 


In the elinie 

Fractures of the radius and ulna 

The radius and ulna are attaehed to the humerus 
proximally and the earpal bones distally by a complex 
series of ligaments. Although the bones are separate, 
they behave as one. When a severe injury occurs to the 
forearm it usually involves both bones, resulting in 
either fracture of both bones or more eommonly a 
fracture of one bone and a disloeation of the other. 
eommonly, the meehanism of injury and the age of the 
patient determine which of these are likely to occur. 

There are three elassie injuries to the radius and ulna: 

■ Monteggia's fracture is a fracture of the proximal 
third of the ulna and an anterior disloeation of the 
head of the radius at the elbow. 

■ Galeazzi's fracture is a fracture of the distal third of 
the radius assoeiated with subluxation (partial 
disloeation) of the head of the ulna at the wrist 
joint. 

■ Colles' fracture is a fracture, and posterior 
displaeement, of the distal end of the radius. 

Whenever a fracture of the radius or ulna is 
demonstrated radiographieally, further images of the 
elbow and wrist should be obtained to exclude 
disloeations. 


Joints 

Distal radio-ulnar joint 

The distal radio-ulnar joint occurs between the articular 
surface of the head of the ulna, with the ulnar noteh on 
the end of the radius, and with a fibrous articular dise, 
which separates the radio-ulnar joint from the wrist joint 

774 (Fig. 7.80). 
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Fig. 7.80 Distal radio-ulnar joint and the interosseous membrane. 
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The triangular-shaped articular dise is attaehed by its 
apex to a roughened depression on the ulna between the 
styloid proeess and the articular surface of the head, and 
by its base to the angular margin of the radius between the 
ulnar noteh and the articular surface for the earpal bones. 

The synovial membrane is attaehed to the margins of 
the distal radio-ulnar joint and is eovered on its external 
surface by a fibrous joint capsule. 

The distal radio-ulnar joint allows the distal end of the 
radius to move anteromedially over the ulna. 

Interosseous membrane 

The interosseous membrane is a thin fibrous sheet that 
eonneets the medial and lateral borders of the radius and 
ulna, respeetively (Fig. 7.80). Collagen fibers within the 
sheet pass predominantly inferiorly from the radius to the 
ulna. 

The interosseous membrane has a free upper margin, 
which is situated just inferior to the radial tuberosity, and 
a small circular aperture in its distal third. Vessels pass 
between the anterior and posterior eompartments superior 
to the upper margin and through the inferior aperture. 

The interosseous membrane eonneets the radhis and 
ulna without restrieting pronation and supination and 
provides attaehment for muscles in the anterior and 


posterior eompartments. The orientation of fibers in the 
membrane is also eonsistent with its role in transferring 
forees from the radius to the ulna and ultimately, therefore, 
from the hand to the humerus. 

Pronation and supination 

Pronation and supination of the hand occur entirely in 
the forearm and involve rotation of the radius at the elbow 
and movement of the distal end of the radius over the ulna 

(Fig. 7.81). 

At the elbow, the superior articular surface of the radial 
head spins on the capitulum while, at the same time, the 
articular surface on the side of the head slides against the 
radial noteh of the ulna and adjaeent areas of the joint 
capsule and anular ligament of the radhis. At the distal 
radio-ulnar joint, the ulnar noteh of the radius slides ante- 
riorly over the convex surface of the head of the ulna. 
During these movements, the bones are held together by: 

■ the anular ligament of the radhis at the proximal radio- 
ulnar joint, 

■ the interosseous membrane along the lengths of the 
radhis and ulna, and 

the articular dise at the distal radio-ulnar joint 

(Fig. 7.81). 
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Fig. 7.81 Pronation and supination. 
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Because the hand artieiilates predominantly with the 
radius, the transloeation of the distal end of the radius 
medially over the ulna moves the hand from the palm- 
anterior (supinated) position to the palm-posterior (pro- 
nated) position. 

Two muscles supinate and two muscles pronate the 
hand (Fig. 7.81). 

Muscles involved in pronation and supination 

Bieeps braehii. The bieeps braehii muscle, the largest of 
the four muscles that supinate and pronate the hand, is a 
powerful supinator as well as a flexor of the elbow joint. It 
is most effeetive as a supinator when the forearm is flexed. 

Siipinator. The seeond of the muscles involved with supi- 
nation is the supinator muscle. Loeated in the posterior 
eompartment of the forearm, it has a broad origin, from 
the supinator erest of the ulna and the lateral epieondyle 
of the humerus and from ligaments assoeiated with the 
elbow joint. 

The supinator muscle curves around the posterior 
surface and the lateral surface of the upper third of the 
radius to attaeh to the shaft of the radius superior to the 
oblique line. 

The tendon of the bieeps braehii imisele and the supina- 
tor muscle both beeome wrapped around the proximal end 
of the radius when the hand is pronated (Fig. 7.81). When 
they eontraet, they unwrap from the bone, producing supi- 
nation of the hand. 

Pronator teres and pronator quadratus. Pronation results 
from the aetion of the pronator teres and pronator qua- 

dratus nmseles (Fig. 7.81). Both these imiseles are in the 
anterior eompartment of the forearm: 

The pronator teres runs from the medial epieondyle of 
the humerus to the lateral surface of the radhis, approx- 
imately midway along the shaft. 

The pronator quadratus extends between the anterior 
surfaces of the distal ends of the radius and ulna. 

When these muscles eontraet, they pull the distal end of 
the radius o ver the ulna, resulting in pronation of the hand 

(Fig. 7.81). 

Anconeus. In addition to hinge-like flexion and extension 
at the elbow joint, some abduction of the distal end of the 
ulna also occurs and maintains the position of the palm of 
the hand over a eentral axis during pronation (Fig. 7.82). 
The nrnsele involved in this movement is the anconeus 
muscle, which is a triangular muscle in the posterior 


Anconeus 



I -Axis of movement | 
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Fig. 7.82 Abduction of the distal end of the ulna by the anconeus 
during pronation. 


eompartment of the forearm that runs from the lateral 
epieondyle to the lateral surface of the proximal end of the 
ulna. 

ANTERIOR COMPARTMENT 
OFTHEFOREARM 

Muscles 

Muscles intheanterior (flexor) eompartment of theforearm 
occur in three layers: superficial, intermediate, and deep. 
Generally, these nmseles are assoeiated with: 

movements of the wrist joint, 

flexion of the fìngers including the thumb, and 

pronation. 

All muscles in the anterior eompartment of the forearm 
are innervated by the median nerve, except for the flexor 
earpi ulnaris muscle and the medial half of the flexor digi- 
torum profundus muscle, which are innervated by the 
ulnar nerve. 

































Regional anatomy • Anterior Gompartment ofthe Forearm 


7 


Superfìcial layer 

All four muscles in the superficial layer—the flexor earpi 
ulnaris, palmaris longus, flexor earpi radialis, and pronator 
teres—have a eommon origin from the medial epieondyle 
of the humerus, and, except for the pronator teres, extend 
distally from the forearm into the hand (Fig. 7.83 and 
Table 7.10). 

Flexor earpi ulnaris 

The flexor earpi ulnaris muscle is the most medial of the 
muscles in the superficial layer of flexors, having a long 
linear origin from the oleeranon and posterior border of 
the ulna, in addition to an origin from the medial epieon- 
dyle of the humerus (Fig. 7.83A,B). 

The ulnar nerve enters the anterior eompartment of the 
forearm by passing through the triangular gap between 
the humeral and ulnar heads of the flexor earpi ulnaris 
(Fig. 7.83B). The imisele fibers eonverge on a tendon that 
passes distally and attaehes to the pisiform bone of the 
wrist. From this point, foree is transferred to the hamate 
bone of the wrist and to the base of metaearpal V by the 
pisohamate and pisometaearpal ligaments. 

The flexor earpi ulnaris muscle is a powerful flexor and 
adductor of the wrist and is innervated by the ulnar nerve 
(Table 7.10). 

Palmaris longus 

The palmaris longus muscle, which is absent in about 
15 % of the population, lies between the flexor earpi ulnaris 
and the flexor earpi radialis muscles (Fig. 7.83A). It is a 
spindle-shaped muscle with a long tendon, which passes 
into the hand and attaehes to the flexor retinaculum and 
to a thiek layer of deep faseia, the palmar aponeurosis, 


which underlies and is attaehed to the skin of the palm and 
fingers. 

In addition to its role as an aeeessory flexor of the wrist 
joint, the palmaris longus muscle also opposes shearing 
forees on the skin of the palm during gripping ( Fable 7.10). 

Flexor earpi radialis 

The flexor earpi radialis muscle is lateral to the palmaris 
longus and has a large and prominent tendon in the distal 
half of the forearm (Fig. 7.83Aand l'able 7.10). IJnlikethe 
tendon of the flexor earpi ulnaris, which forms the medial 
margin of the distal forearm, the tendon of the flexor earpi 
radialis muscle is positioned just lateral to the midline. In 
this position, the tendon ean be easily palpated, making it 
an important landmark for finding the pulse in the radial 
artery, which lies immediately lateral to it. 

The tendon of the flexor earpi radialis passes through a 
eompartment formed by bone and faseia on the lateral side 
of the anterior surface of the wrist and attaehes to the 
anterior surfaces of the bases of metaearpals II and III. 

The flexor earpi radialis is a powerful flexor of the wrist 
and ean also abduct the wrist. 

Pronator teres 

The pronator teres muscle originates from the medial 
epieondyle and supraepicondylar ridge of the humerus 
and from a small linear region on the medial edge of the 
eoronoid proeess of the ulna (Fig. 7.83A). The median 
nerve often exits the cubital fossa by passing between the 
humeral and ulnar heads of this muscle. The pronator 
teres erosses the forearm and attaehes to an oval rough- 
ened area on the lateral surface of the radius approximately 
midway along the bone. 


Table7.10 Siiperfieial layer of muscles in the anterior eompartment of the forearm (spinal segments indieated in bold are the major 

segments innervating the muscle) 


Miisde 

Origin 

Insertion 

Innervation 

Function 

Flexor earpi 
ulnaris 

Humeral head—medial epieondyle 
of humerus; ulnar head—oleeranon 
and posterior border of ulna 

Pisiform bone, and then via 
pisohamate and pisometaearpal 
ligaments into the hamate and 
base of metaearpal V 

Ulnar nerve 
(C7,C8,T1) 

Flexes and adducts the wrist joint 

Palmaris 

longus 

Medial epieondyle of humerus 

Palmar aponeurosis of hand 

Median nerve 
(C7, C8) 

Flexes wrist joint; because the palmar 
aponeurosis anehors skin of the hand, 
eontraetion of the muscle resists 
shearing forees when gripping 

Flexor earpi 
radialis 

Medial epieondyle of humerus 

Base of metaearpals II and III 

Median nerve 
(06, C7) 

Flexes and abducts the wrist 

Pronator 

teres 

Humeral head—medial epieondyle 
and adjaeent supra-epicondylar 
ridge; ulnar head—medial side of 
eoronoid proeess 

Roughening on lateral surface, 
midshaft, of radius 

Median nerve 
(C6, C7) 

Pronation 
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Fig. 7.83 Siiperfìeial layer of forearm muscles. A. Superficial muscles (flexor retinaculum not shovvn). B. Flexor earpi ulnaris muscle. 
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The pronator teres forms the medial border of the 
eiibital fossa and rotates the radius over the ulna during 
pronation (Table 7.10). 

Intermediate layer 

Flexor digitorum superfícialis 

The muscle in the intermediate layer of the anterior eom- 
partment of the forearm is the flexor digitoram superfi- 
eialis imisele (Fig. 7.84). This large imisele has two heads: 

the humero-ulnar head, which originates mainly from 
the medial epieondyle of the humerus and from the 
adjaeent medial edge of the eoronoid proeess of the 
ulna; and 

■ the radial head, which originates from the anterior 
oblique line of the radius. 

The median nerve and ulnar artery pass deep to the 
flexor digitorum superficialis between the two heads. 


In the distal forearm, the flexor digitorum superfìcialis 
forms four tendons, which pass through the earpal tunnel 
of the wrist and into the four fìngers. The tendons for the 
ring and middle fìngers are superfìcial to the tendons for 
the index and little fìngers. 

In the forearm, earpal tunnel, and proximal regions of 
the four fìngers, the tendons of the flexor digitorum super- 
fìeialis are anterior to the tendons of the flexor digitorum 
profundus muscle. 

Near the base of the proximal phalanx of eaeh fìnger, 
the tendon of the flexor digitorum superfìcialis splits into 
two parts to pass posteriorly around eaeh side of the tendon 
of the flexor digitoram profundus and ultimately attaeh to 
the margins of the middle phalanx (Fig. 7.84). 

The flexor digitorum superfìcialis flexes the metaearpo- 
phalangeal joint and proximal interphalangeal joint of 
eaeh fìnger; it also flexes the wrist joint ( fable 7.1 1). 


Table 7.11 Intermediate layer of muscles in the anterior eompartment ofthe forearm (spinal segment indieated in bold is the major 

segment innervating the muscle) 


Musde 

Origin 

Insertion 

Innervation 

Function 

Flexor digitorum 
superficialis 

Humero-ulnar head—medial 
epieondyle of humerus and adjaeent 
margin of eoronoid proeess; radial 
head—oblique line of radius 

Four tendons, which attaeh to 
the palmar surfaces of the 
middle phalanges of the index, 
middle, ring, and little fingers 

Median nerve 
(C8,T1) 

Flexes proximal interphalangeal 
joints of the index, middle, ring, 
and little fingers; ean also flex 
metaearpophalangeal joints of the 
same fingers and the wrist joint 
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Fig. 7.84 Intermediate layer of forearm muscles. 


Fig. 7.85 Deep layer of forearm muscles. 

































































































































Regional anatomy • Anterior Gompartment ofthe Forearm 


7 


Deep layer 

There are three deep muscles in the anterior eompartment 
of the forearm: the flexor digitomm profundus, flexor pol- 
lieis longus, and pronator quadratus (Fig. 7.85). 

Flexor digitomm profundus 

The flexor digitomm profundus muscle originates from 
the anterior and medial surfaces of the ulna and from the 
adjaeent half of the anterior surface of the interosseous 
membrane (Fig. 7.85). It gives rise to four tendons, which 
pass through the earpal tunnel into the four medial fìngers. 
Throughout most of their course, the tendons are deep to 
the tendons of the flexor digitorum superfìcialis muscle. 

Opposite the proximal phalanx of eaeh fìnger, eaeh 
tendon of the flexor digitorum profundus passes through a 
split formed in the overlying tendon of the flexor digitorum 
superfìcialis imisele and passes distally to insert into the 
anterior surface of the base of the distal phalanx. 

In the palm, the lumbrical muscles originate from the 
sides of the tendons of the flexor digitorum profundus (see 
Fig. 7.104). 

Innervation of the medial and lateral halves of the 
flexor digitorum profundus varies as follows: 

The lateral half (assoeiated with the index and middle 
fìngers) is innervated by the anterior interosseous nerve 
(braneh of the median nerve). 

The medial half (the part assoeiated with the ring and 
little fìngers) is innervated by the ulnar nerve. 


The flexor digitoram profundus flexes the metaearpo- 
phalangeal joints and the proximal and distal interphalan- 
geal joints of the four fìngers. Because the tendons eross 
the wrist, it ean flex the wrist joint as well ( Table 7.12). 

Flexor pollieis longus 

The flexor pollieis longus muscle originates from the 
anterior surface of the radius and the adjaeent half of the 
anterior surface of the interosseous membrane (Fig. 7.85). 
It is a powerful muscle and forms a single large tendon, 
which passes through the earpal tunnel, lateral to the 
tendons of the flexor digitorum superfìcialis and flexor digi- 
torum profundus muscles, and into the thumb where it 
attaehes to the base of the distal phalanx. 

The flexor pollieis longus flexes the thumb and is inner- 
vated by the anterior interosseous nerve (braneh of the 
median nerve) (Table 7.12). 

Pronator quadratus 

The pronator quadratus muscle is a flat square-shaped 
muscle in the distal forearm (Fig. 7.85). It originates from 
a linear ridge on the anterior surface of the lower end of 
the ulna and passes laterally to insert onto the flat anterior 
surface of the radius. It lies deep to, and is erossed by, the 
tendons of the flexor digitoram profundus and flexor pol- 
lieis longus muscles. 

The pronator quadratus muscle pulls the distal end of 
the radius anteriorly over the ulna during pronation and is 
innervated by the anterior interosseous nerve (braneh of 
themedian nerve) (Table 7.12). 


Table 7.12 Deep layer of muscles in theanterior eompartment ofthe forearm (spinal segments indieated in bold arethe major 

segments innervating the muscle) 


Muscle Origin 


Insertion 


Innervation 


Function 


Flexor digitorum 
profundus 


Anterior and medial 
surfaces of ulna and 
anterior medial half of 
interosseous membrane 


Four tendons, which attaeh 
to the palmar surfaces of the 
distal phalanges of the index, 
middle, ring, and little fingers 


Lateral half by median nerve 
(anterior interosseous nerve); 
medial half by ulnar nerve 
(C8,T1) 


Flexes distal interphalangeal 
joints of the index, middle, ring, 
and little fingers; ean also flex 
metaearpophalangeal joints of the 
same fingers and the wrist joint 


Flexor pollieis 
longus 


Anterior surface of Palmar surface of base 

radius and radial half of of distal phalanx of thumb 
interosseous membrane 


Median nerve (anterior Flexes interphalangeal joint 

interosseous nerve) (C7, C8) of the thumb; ean also flex 

metaearpophalangeal joint 
of the thumb 


Pronator 

quadratus 


Linear ridge on distal Distal anterior surface 
anterior surface of ulna ofradius 


Median nerve (anterior Pronation 

interosseous nerve) (C7, C8) 
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Arteries and veins 

The largest arteries in the forearm are in the anterior eom- 
partment, pass distally to supply the hand, and give rise to 
vessels that supply the posterior eompartment (Fig. 7.86). 

The braehial artery enters the forearm from the arm by 
passing through the cubital fossa. At the apex of the cubital 
fossa, it divides into its two major branehes, the radial and 
ulnar arteries. 

Radial artery 

The radial artery originates from the braehial artery at 
approximately the neek of the radms and passes along the 
lateral aspeet of the forearm (Fig. 7.86). It is: 

■ just deep to the braehioradialis imisele in the proximal 
half of the forearm, 

related on its lateral side to the superficial braneh of the 
radial nerve in the middle third of the forearm, and 

■ medial to the tendon of the braehioradialis muscle and 
eovered only by deep faseia, superficial faseia, and skin 
in the distal forearm. 

In the distal forearm, the radial artery lies immediately 
lateral to the large tendon of the f lexor earpi radialis muscle 
and direetly anterior to the pronator quadratus imisele and 
the distal endof theradius (Fig. 7.86).Inthe distalforearm, 
the radial artery ean be loeated using the f lexor earpi radia- 
lis muscle as a landmark. The radial pulse ean be felt by 
gently palpating the radial artery against the underlying 
muscle and bone. 

The radial artery leaves the forearm, passes around the 
lateral side of the wrist, and penetrates the posterolateral 
aspeet of the hand between the bases of metaearpals I and 
II (Fig. 7.86). Branehes of the radial artery in the hand 
often provide the major blood supply to the thumb and 
lateral side of the index finger. 

Branehes of the radial artery originating in the forearm 
include: 

a radial recurrent artery, which contributes to an 
anastomotie network around the elbow joint and to 
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Fig. 7.86 Arteries of the anterior eompartment of the forearm. 
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numerous vessels that supply muscles on the lateral side 
of the forearm (see Fig. 7.66B); 

a small palmar earpal braneh, which contributes to 
an anastomotie network of vessels that supply the 
earpal bones and joints; 

a somewhat larger braneh, the superficial palmar 
braneh, which enters the hand by passing through, or 
superficial to, the thenar muscles at the base of the 
thumb (Fig. 7.86) and anastomoses with the superficial 
palmar areh formed by the ulnar artery. 

lllnar artery 

The ulnar artery is larger than the radial artery and passes 
down the medial side of the forearm (Fig. 7.86). It leaves 
the cubital fossa by passing deep to the pronator teres 
muscle, and then passes through the forearm in the faseial 
plane between the flexor earpi ulnaris and flexor digitorum 
profundus muscles. 

In the distal forearm, the ulnar artery often remains 
tucked under the anterolateral lip of the flexor earpi ulnaris 
tendon, and is therefore not easily palpable. 

In distal regions of the forearm, the ulnar nerve is 
immediately medial to the ulnar artery. 

The ulnar artery leaves the forearm, enters the hand by 
passing lateral to the pisiform bone and superficial to the 
flexor retinaculum of the wrist, and arehes over the palm 
(Fig. 7.86). It is often the major blood supply to the medial 
three and one-half digits. 

Branehes of the ulnar artery that arise in the forearm 
include: 

■ the ulnar recurrent artery with anterior and pos- 
terior branehes, which contribute to an anastomotie 
network of vessels around the elbow joint; 

■ numerous muscular arteries, which supply surround- 
ing muscles; 


the eommon interosseous artery, which divides into 
anterior and posterior interosseous arteries (Fig. 7.86); 
and 

two small earpal arteries (dorsal earpal braneh and 
palmar earpal braneh), which supply the wrist. 

The posterior interosseous artery passes dorsally 
over the proximal margin of the interosseous membrane 
into the posterior eompartment of the forearm. 

The anterior interosseous artery passes distally 
along the anterior aspeet of the interosseous membrane 
and supplies muscles of the deep eompartment of the 
forearm and the radius and ulna. It has numerous 
branehes, which perforate the interosseous membrane to 
supply deep muscles of the posterior eompartment; it also 
has a small braneh, which contributes to the vascular 
network around the earpal bones and joints. Perforating 
the interosseous membrane in the distal forearm, the ante- 
rior interosseous artery terminates by joining the posterior 
interosseous artery. 


Deep veins of the anterior eompartment generally aeeom- 
pany the arteries and ultimately drain into braehial veins 
assoeiated with the braehial artery in the cubital fossa. 

In the elinie 

Transeetion of the radial or ulnar artery 

Adult patients may transeet the radial or ulnar artery 
because these vessels are relatively subcutaneous. A 
typieal method of injury is when the hand is foreed 
through a plate glass window. Fortunately 7 the dual 
supply to the hand usually enables the surgeon to tie 
off either the ulnar or the radial artery, without 
signifieant consequence. 


Veins 
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Nerves 

Nerves in the anterior eompartment of the forearm are the 
median and ulnar nerves and the superficial braneh of the 
radial nerve (Fig. 7.87). 

Median nerve 

The median nerve innervates the muscles in the anterior 
eompartment of the forearm except for the flexor earpi 
ulnaris and the medial part of the flexor digitomm pro- 
fundus (ring and little fingers). It leaves the cubital fossa 
by passing between the two heads of the pronator teres 
muscle and passing between the humero-ulnar and radial 
heads of the flexor digitorum superficialis muscle 

(Fig. 7.87). 

The median nerve continues a straight linear course 
distally down the forearm in the faseia on the deep surface 
of the flexor digitorum superficialis muscle. Just proximal 
to the wrist, it moves around the lateral side of the muscle 
and beeomes more superficial in position, lying between 
the tendons of the palmaris longus and f lexor earpi radialis 
muscles. It leaves the forearm and enters the palm of the 
hand by passing through the earpal tunnel deep to the 
flexor retinaculum. 

Most branehes to the imiseles in the superficial and 
intermediate layers of the forearm originate medially from 
the nerve just distal to the elbow joint. 

The largest braneh of the median nerve in the forearm 
is the anterior interosseous nerve, which originates 
between the two heads of the pronator teres, passes dis- 
tally down the forearm with the anterior interosseous 
artery, innervates the muscles in the deep layer (the 
flexor pollieis longus, the lateral half of the flexor digi- 
tomm profundus, and the pronator quadratus) and ter- 
minates as articular branehes to joints of the distal 
forearm and wrist. 

A small palmar braneh originates from the median 
nerve in the distal forearm immediately proximal to the 
flexor retinaculum (Fig. 7.8' ), passes superficially into 
the hand, and innervates the skin over the base and 
eentral palm. This palmar braneh is spared in earpal 
tunnel syndrome because it passes into the hand super- 
fieial to the flexor retinaculum of the wrist. 

lllnar nerve 

The ulnar nerve passes through the forearm and into the 
hand, where most of its major branehes occur. In the 
forearm, the ulnar nerve innervates only the flexor earpi 
ulnaris muscle and the medial part (ring and little fingers) 
784 of the flexor digitomm profundus muscle (Fig. 7.87). 
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Fig. 7.87 Nerves of anterior forearm. 


The ulnar nerve enters the anterior eompartment of the 
forearm by passing posteriorly around the medial epieon- 
dyle of the humerus and between the humeral and ulnar 
heads of the flexor earpi ulnaris muscle. After passing 
down the medial side of the forearm in the plane between 
the flexor earpi ulnaris and the flexor digitorum profundus 
muscles, it lies under the lateral lip of the tendon of the 
flexor earpi ulnaris proximal to the wrist. 
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The ulnar artery is lateral to the ulnar nerve in the distal 
two-thirds of the forearm, and both the ulnar artery and 
nerve enter the hand by passing superficial to the flexor 
retinaculum and immediately lateral to the pisiform bone 

(Fig. 7.87). 

In the forearm the ulnar nerve gives rise to: 

muscular branehes to the flexor earpi ulnaris and to 
the medial half of the flexor digitorum profundus that 
arise soon after the ulnar nerve enters the forearm; and 
two small cutaneous branehes—the palmar braneh 
originates in the middle of the forearm and passes into 
the hand to supply skin on the medial side of the palm; 
the larger dorsal braneh originates from the ulnar 
nerve in the distal forearm and passes posteriorly deep 
to the tendon of the flexor earpi ulnaris and innervates 
skin on the posteromedial side of the baek of the hand 
and most skin on the posterior surfaces of the medial 
one and one-half digits. 

Radial nerve 

The radial nerve bifurcates into deep and superficial 
branehes under the margin of the braehioradialis muscle 
in the lateral border of the cubital fossa (Fig. 7.87). 

The deep braneh is predominantly motor and passes 
between the two heads of the supinator muscle to aeeess 
and supply muscles in the posterior eompartment of the 
forearm. 

The superficial braneh of the radial nerve is sensory. 
It passes down the anterolateral aspeet of the forearm 
deep to the braehioradialis muscle and in assoeiation 
with the radial artery. Approximately two-thirds of the 
way down the forearm, the superficial braneh of the 
radial nerve passes laterally and posteriorly around the 
radial side of the forearm deep to the tendon of the 
braehioradialis. The nerve continues into the hand 
where it innervates skin on the posterolateral surface. 


movement of the wrist joint, 

■ extension of the fingers and thumb, and 

supination. 

All muscles in the posterior eompartment of the f orearm 
are innervated by the radial nerve. 

Superfìcial layer 

The seven muscles in the superficial layer are the braehio- 
radialis, extensor earpi radialis longus, extensor earpi radi- 
alis brevis, extensor digitorum, extensor digiti minimi, 
extensor earpi ulnaris, and anconeus (Fig. 7.88). All have 
a eommon origin from the supraepicondylar ridge and 
lateral epieondyle of the humerus and, except for the bra- 
ehioradialis and anconeus, extend as tendons into the 
hand. 

Braehioradialis 

The braehioradialis muscle originates from the proximal 
part of the supraepicondylar ridge of the humerus and 
passes through the forearm to insert on the lateral side of 
the distal end of the radius just proximal to the radial 
styloid proeess (Fig. 7.88). 

In the anatomieal position, the braehioradialis is part of 
the muscle mass overlying the anterolateral surface of the 
forearm and forms the lateral boundary of the cubital 
fossa. 

Because the braehioradialis is anterior to the elbow 
joint, it aets as an aeeessory flexor of this joint even though 
it is in the posterior eompartment of the forearm. Its aetion 
is most effieient when the forearm is midpronated and it 
forms a prominent bulge as it aets against resistanee. 

The radial nerve emerges from the posterior eompart- 
ment of the arm just deep to the braehioradialis in the 
distal arm and innervates the braehioradialis. Lateral to 
the cubital fossa, the braehioradialis lies over the radial 
nerve and its bifurcation into deep and superficial branehes. 
In more distal regions, the braehioradialis lies over the 


POSTERIOR COMPARTMENT 
OF THEFOREARM 

Muscles 

Muscles in the posterior eompartment of the forearm occur 
in two layers: a superficial and a deep layer. The muscles 
are assoeiated with: 
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Fig. 7.88 Superficial layer of muscles in the posterior eompartment of the forearm. A. Braehioradialis muscle (anterior view). B. Superficial 
muscles (posterior view). 
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superfìcial braneh of the radial nerve and radial artery 

(Table 7.13). 

Extensor earpi radialis longus 

The extensor earpi radialis longus muscle originates 
from the distal part of the supraepicondylar ridge and 
the lateral epieondyle of the humerus; its tendon inserts 
on the dorsal surface of the base of metaearpal II (Fig. 
7.88). In proximal regions, it is deep to the braehioradialis 
muscle. 

The extensor earpi radialis longus muscle extends and 
abducts the wrist, and is innervated by the radial nerve 
before the nerve divides into superfìcial and deep branehes 

(Table 7.13). 

Extensor earpi radialis brevis 

The extensor earpi radialis brevis muscle originates 
from the lateral epieondyle of the humerus, and the tendon 


inserts onto adjaeent dorsal surfaces of the bases of meta- 
earpals II and III (Fig. 7.88). Along much of its course, the 
extensor earpi radialis brevis lies deep to the extensor earpi 
radialis longus. 

The extensor earpi radialis brevis muscle extends and 
abducts the wrist, and is innervated by the deep braneh of 
the radial nerve before the nerve passes between the two 
heads of the supinator muscle (Table 7.13). 

Extensor digitomm 

The extensor digitomm muscle is the major extensor of 
the four fingers (index, middle, ring, and little fingers). 
It originates from the lateral epieondyle of the humerus 
and forms four tendons, eaeh of which passes into a finger 

(Fig. 7.88). 

On the dorsal surface of the hand, adjaeent tendons of 
the extensor digitorum are intereonneeted. In the fingers, 
eaeh tendon inserts, via a triangular-shaped eonneetive 


Table 7.13 Superficial layer of rrmseles in the posterior eompartment of the forearm (spinal segments indieated in bold are the major 

segments innervating the rrmsele) 


Muscle 

Braehioradialis 


Extensor earpi 
radialis longus 


Extensor earpi 
radialis brevis 

Extensor 

digitorum 


Extensor digiti 
minimi 


Extensor earpi 
ulnaris 


Anconeus 


Origin 

Proximal part of lateral 
supraepicondylar ridge 
of humerus and adjaeent 
intermuscular septum 

Distal part of lateral 
supraepicondylar ridge 
of humerus and adjaeent 
intermuscular septum 

Lateral epieondyle of 
humerus and adjaeent 
intermuscular septum 

Lateral epieondyle of 
humerus and adjaeent 
intermuscular septum 
and deep faseia 

Lateral epieondyle of 
humerus and adjaeent 
intermuscular septum 
together with extensor 
digitomm 

Lateral epieondyle of 
humerus and posterior 
border of ulna 

Lateral epieondyle of 
humerus 


Insertion 

Lateral surface of distal end of 
radius 


Dorsal surface of base of 
metaearpal II 


Dorsal surface of base of 
metaearpals II and III 

Fourtendons, which insertvia 
extensor hoods into the dorsal 
aspeets of the bases of the middle 
and distal phalanges of the index, 
middle, ring, and little fingers 

Extensor hood of the little fìnger 


Tubercle on the base of the 
medial side of metaearpal V 


Oleeranon and proximal posterior 
surface of ulna 


Innervation 

Radial nerve (C5, C6) before 
division into superficial and 
deep branehes 

Radial nerve (C6, C7) before 
division into superficial and 
deep branehes 

Deep braneh of radial nerve 
(C7, C8) before penetrating 
supinator muscle 

Posterior interosseous 
nerve (C7, C8) 


Fiinetion 

Aeeessory flexor of elbow 
joint when forearm is 
midpronated 

Extends and abducts the 
wrist 


Extends and abducts the 
wrist 

Extends the index, middle, 
ring, and little fingers; ean 
also extend the wrist 


Posterior interosseous Extends the little finger 

nerve (C7, C8) 


Posterior interosseous Extends and adducts the 

nerve (C7, C8) wrist 


Radial nerve (C6, C7, C8) 
(via braneh to medial head 
of trieeps braehii) 


Abduction of the ulna in 
pronation; aeeessory 
extensor of the elbow joint 
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tissue aponeurosis (the extensor hood), into the base of the 
dorsal surfaces of the middle and distal phalanges. 

The extensor digitoram muscle is innervated by the pos- 
terior interosseous nerve, which is the continuation of the 
deep braneh of the radial nerve after it emerges from the 
supinator muscle (Table 7.13). 

Extensor digiti minimi 

The extensor digiti minimi muscle is an aeeessory exten- 
sor of the little finger and is medial to the extensor digito- 
ram in theforearm (Fig. 7.8 8). It originates from the lateral 
epieondyle of the humerus and inserts, together with the 
tendon of the extensor digitorum, into the extensor hood 
of the little finger. 

The extensor digiti minimi is innervated by the posterior 
interosseous nerve (Table 7.13). 

Extensor earpi ulnaris 

The extensor earpi ulnaris muscle is medial to the exten- 
sor digiti minimi (Fig. 7.88). It originates from the lateral 
epieondyle, and its tendon inserts into the medial side of 
the base of metaearpal V. 

The extensor earpi ulnaris extends and adducts the 
wrist, and is innervated by the posterior interosseous nerve 

(Table 7.13). 

Anconeus 

The anconeus muscle is the most medial of the superfi- 
eial extensors and has a triangular shape. It originates 
from the lateral epieondyle of the humerus and has a broad 
insertion into the posterolateral surface of the oleeranon 
and related posterior surface of the ulna (see Fig. 7.82). 

The anconeus abducts the ulna during pronation to 
maintain the eenter of the palm over the same point when 
the hand is flipped. It is also eonsidered to be an aeeessory 
extensor of the elbow joint. 

The anconeus is innervated by the braneh of the radial 
nerve that innervates the medial head of the trieeps braehii 
muscle (Table 7.13). 

Deep layer 

The deep layer of the posterior eompartment of the forearm 
eonsists of fivemuscles: supinator, abductor pollieis longus, 


extensor pollieis brevis, extensor pollieis longus, and exten- 
sor indieis (Fig. 7.89). 

Except for the supinator muscle, all these deep layer 
muscles originate from the posterior surfaces of the radms, 
ulna, and interosseous membrane andpass into the thumb 
and fingers. 

Three of these nraseles—the abductor pollieis longus, 
extensor pollieis brevis, and extensor pollieis longus— 
emerge from between the extensor digitoram and the 
extensor earpi radialis brevis tendons of the superficial 
layer and pass into the thumb. 

■ Two of the three “outcropping” muscles (the abductor 
pollieis longus and extensor pollieis brevis) form a dis- 
tinet muscular bulge in the distal posterolateral surface 
of the forearm. 

All muscles of the deep layer are innervated by the pos- 
terior interosseous nerve, the continuation of the deep 
braneh of the radial nerve. 

Supinator 

The supinator muscle has two heads of origin, which 
insert together on the proximal aspeet of the radius 

(Fig. 7.89): 

The superficial (humeral) head originates mainly from 
the lateral epieondyle of the humerus and the related 
anular ligament and the radial eollateral ligament of 
the elbow joint. 

The deep (ulnar) head originates mainly from the 
supinator erest on the posterolateral surface of the 
ulna. 

From their sites of origin, the two heads wrap around 
the posterior and lateral aspeet of the head, neek, and 
proximal shaft of the radius to insert on the lateral surface 
of the radius superior to the anterior oblique line and to 
the insertion of the pronator teres muscle. 

The supinator muscle supinates the forearm and 
hand. 

The deep braneh of the radial nerveinnervates the supi- 
nator muscle and passes to the posterior eompartment of 
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Anterior view 


Supinator 
(superficial head) 




Supinator 
(deep head) 


(superficial head) 





Abductor pollieis longus 


Extensor pollieis longos 


Extensor earpi radialis longus 


Extensor earpi radialis brevis 


Abductor 
pollieis longus 

Extensor 
pollieis brevis 


Muscular bulge 
on lateral side of 
distal forearm 


Posterior view 



Extensor indieis 


Extensor pollieis brevis 


Fig.7.89 Deep layerof muscles in the posterior eompartment of the forearm. 
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the forearm by passing between the two heads of this 
muscle (Table 7.14). 

Abductor pollieis longus 

The abductor pollieis longus muscle originates from the 
proximal posterior surfaces of the radius and the ulna and 
from the related interosseous membrane (Fig. 7.89). In the 
distal forearm, it emerges between the extensor digitorum 
and extensor earpi radialis brevis muscles to form a tendon 
that passes into the thumb and inserts on the lateral side 
of the base of metaearpal I. The tendon contributes to the 
lateral border of the anatomieal snuffbox at the wrist. 

The major function of the abductor pollieis longus is to 
abduct the thumb at the joint between the metaearpal I 
and trapezium bones (Table 7.14). 

Extensor pollieis brevis 

The extensor pollieis brevis muscle arises distal to the 
origin of the abductor pollieis longus from the posterior 
surface of the radius and interosseous membrane 
(Fig. 7.89). Together with the abductor pollieis longus, it 
emerges between the extensor digitomm and extensor 
earpiradialis brevis muscles to form a bulge on the postero- 
lateral surface of the distal forearm. The tendon of the 
extensor pollieis brevis passes into the thumb and inserts 
on the dorsal surface of the base of the proximal phalanx. 
At the wrist, the tendon contributes to the lateral border 
of the anatomieal snuffbox. 


The extensor pollieis brevis extends the metaearpo- 
phalangeal and earpometaearpal joints of the thumb 

(Table 7.14). 

Extensor pollieis longus 

The extensor pollieis longus muscle originates from the 
posterior surface of the ulna and adjaeent interosseous 
membrane and inserts via a long tendon into the dorsal 
surface of the distal phalanx of the thumb (Fig. 7.89). 
Like the abductor pollieis longus and extensor pollieis 
brevis, the tendon of this muscle emerges between the 
extensor digitorum and the extensor earpi radialis brevis 
muscles. However, it is held away from the other two deep 
muscles of the thumb by passing medially around the 
dorsal tubercle on the distal end of the radius. The tendon 
forms the medial margin of the anatomieal snufíbox at 
the wrist. 

The extensor pollieis longus extends all joints of the 
thumb (Table 7.14). 

Extensor indieis 

The extensor indieis muscle is an aeeessory extensor of 
the index finger. It originates distal to the extensor pollieis 
longus from the posterior surface of the ulna and adjaeent 
interosseous membrane (Fig. 7.89). The tendon passes 
into the hand and inserts into the extensor hood of the 
index finger with the tendon of the extensor digitorum 
(Table 7.14). 


Table 7.14 Deep layer of muscles in the posterior eompartment of the forearm (spinal segments indieated in bold are the major 

segments innervating the muscle) 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Supinator 

Superficial part—lateral epieondyle of 
humerus, radial eollateral and anular 
ligaments; deep part—supinator erest 
of the ulna 

Lateral surface of 
radius superior to the 
anterior oblique line 

Posterior interosseous 
nerve (C6, C7) 

Supination 

Abductor pollieis 
longus 

Posterior surfaces of ulna and radius 
(distal to the attaehments of 
supinator and anconeus), and 
intervening interosseous membrane 

Lateral side of base of 
metaearpal 1 

Posterior interosseous 
nerve (C7, C8) 

Abducts earpometaearpal 
joint of thumb; aeeessory 
extensor of the thumb 

Extensor pollieis 
brevis 

Posterior surface of radius (distal to 
abductor pollieis longus) and the 
adjaeent interosseous membrane 

Dorsal surface of base 
of proximal phalanx 
of the thumb 

Posterior interosseous 
nerve (C7, C8) 

Extends 

metaearpophalangeal joint 
of the thumb; ean also 
extend the earpometaearpal 
joint of the thumb 

Extensor pollieis 
longus 

Posterior surface of ulna (distal to the 
abductor pollieis longus) and the 
adjaeent interosseous membrane 

Dorsal surface of base 
of distal phalanx of 
thumb 

Posterior interosseous 
nerve (C7, C8) 

Extends interphalangeal 
joint of the thumb; ean also 
extend earpometaearpal 
and metaearpophalangeal 
joints of the thumb 

Extensor indieis 

Posterior surface of ulna (distal to 
extensor pollieis longus) and adjaeent 

Extensor hood of 
index finger 

Posterior interosseous 
nerve (C7, C8) 

Extends index finger 


interosseous membrane 
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Arteries and veins 

The blood supply to the posterior eompartment of the 
forearm occurs predominantly through branehes of the 
radial, posterior interosseous, and anterior interosseous 
arteries (Fig. 7.90). 

Posterior interosseous artery 

The posterior interosseous artery originates in the anterior 
eompartment from the eommon interosseous braneh of 


the ulnar artery and passes posteriorly over the proximal 
margin of the interosseous membrane and into the poste- 
rior eompartment of the forearm. It contributes a braneh, 
the recurrent interosseous artery (see Fig. 7.66B), to 
the vascular network around the elbow joint and then 
passes between the supinator and abductor pollieis longus 
muscles to supply the superficial extensors. After reeeiving 
the terminal end of the anterior interosseous artery, the 
posterior interosseous artery terminates by joining the 
dorsal earpal areh of the wrist. 


Radial nerve 


Braneh to 
braehioradialis 


Braneh to extensor 
earpi radialis longus 


Braneh to extensor 
earpi radialis brevis 


Deep braneh 


Superfieial braneh 


Posterior 
interosseous artery 


lnterosseous membrane 



Common 

interosseous artery 


Anterior 

interosseous artery 
Llìnar artery 


Anterior view 


Anterior 
interosseous artery 



Posterior 

interosseous nerve 

(continuation of 
deep braneh of 
radial nerve) 


Posterior 

interosseous artery 


Posterior view 


Fig. 7.90 Posterior interosseous artery and radial nerve in posterior eompartment of forearm. 
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Anterior interosseous artery 

The anterior interosseous artery, also a braneh of the 
eommon interosseous braneh of the ulnar artery, is situ- 
ated in the anterior eompartment of the forearm on the 
interosseous membrane. It has numerous perforating 
branehes, which pass direetly through the interosseous 
membrane to supply deep muscles of the posterior eom- 
partment. The terminal end of the anterior interosseous 
artery passes posteriorly through an aperture in the inter- 
osseous membrane in distal regions of the forearm to join 
the posterior interosseous artery. 

Radial artery 

The radial artery has muscular branehes, which eontrib- 
ute to the supply of the extensor muscles on the radial side 
of the forearm. 

Veins 

Deep veins of the posterior eompartment generally 
aeeompany the arteries. They ultimately drain into bra- 
ehial veins assoeiated with the braehial artery in the 
cubital fossa. 

Nerves 

Radial nerve 

The nerve of the posterior eompartment of the forearm is 
the radial nerve (Fig. 7.90). Most of the imiseles are inner- 
vated by the deep braneh, which originates from the radial 
nerve in the lateral wall of the cubital fossa deep to the 
braehioradialis muscle and beeomes the posterior inter- 
osseous nerve after emerging from between the two 
heads of the supinator muscle in the posterior eompart- 
ment of the forearm. 

In the lateral wall of the cubital fossa, and before divid- 
ing into superfìcial and deep branehes, the radial nerve 
innervates the braehioradialis and extensor earpi radialis 
longus imiseles. 

The deep braneh innervates the extensor earpi radialis 
brevis, then passes between the two heads of the supinator 
muscle and follows the plane of separation between the 
two heads dorsally and laterally around the proximal shaft 
of the radius to the posterior aspeet of the forearm. It sup- 
plies the supinator muscle and then emerges, as the poste- 
rior interosseous nerve, from the muscle to lie between the 
superfìcial and deep layers of muscles. 

The posterior interosseous nerve supplies the remaining 
muscles in the posterior eompartment and terminates as 
articular branehes, whichpass deep to the extensor pollieis 
longus muscle to reaeh the wrist. 


HAND 

The hand (Fig. 7.91) is the region of the upper limb distal 
to the wrist joint. It is subdivided into three parts: 

the wrist (carpus), 

the metacarpus, and 

the digits (fìve fìngers including the thumb). 

The fìve digits eonsist of the laterally positioned thumb 
and, medial to the thumb, the four fìngers—the index, 
middle, ring, and little fìngers. 

In the normal resting position, the fìngers form a flexed 
areade, with the little fìnger flexed most and the index 
fìnger flexed least. In the anatomieal position, the fìngers 
are extended. 

The hand has an anterior surface (palm) and a dorsal 
surface (dorsum of hand). 

Abduction and adduction of the fìngers are defìned with 
respeet to the long axis of the middle fìnger (Fig. 7.91). In 
the anatomieal position, the long axis of the thumb is 




Fig. 7.91 Hand. The fingers are shovvn in a normal resting areade 
in vvhieh they are flexed. In the anatomieal position, the digits are 
straight and adducted. 
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rotated 90° to the rest of the digits so that the pad of the 
thumb points medially; consequently, movements of the 
thumb are defined at right angles to the movements of the 
other digits of the hand. 

The hand is a meehanieal and sensory tool. Many of the 
features of the upper limb are designed to faeilitate posi- 
tioning the hand in spaee. 

Bones 

There are three groups of bones in the hand: 

■ The eight earpal bones are the bones of the wrist. 

■ The five metaearpals (I to V) are the bones of the 
metacarpus. 

■ The phalanges are the bones of the digits—the thumb 
has only two; the rest of the digits have three (Fig. 7.92). 

The earpal bones and metaearpals of the index, middle, 
ring, and little fingers (metaearpals II to V) tend to fiinetion 
as a unit and form much of the bony framework of the 
palm. The metaearpal of the thumb fimetions indepen- 
dently and has inereased flexibility at the earpometaearpal 
joint to provide opposition of the thumb to the fingers. 

Carpal bones 

The small earpal bones of the wrist are arranged in two 
rows, a proximal and a distal row, eaeh eonsisting of four 
bones (Fig. 7.92). 

Proximal row 

From lateral to medial and when viewed from anteriorly, 
the proximal row of bones eonsists of: 

the boat-shaped seaphoid, 

■ the lunate, which has a ereseent shape, 
the three-sided triquetrum bone, and 

■ the pea-shaped pisiform (Fig. 7.92). 

The pisiform is a sesamoid bone in the tendon of the 
flexor earpi ulnaris and articulates with the anterior 
surface of the triquetrum. 

The seaphoid has a prominent tubercle on its lateral 
palmar surface that is direeted anteriorly. 

Distal row 

From lateral to medial and when viewed from anteriorly, 
the distal row of earpal bones eonsists of: 

the irregular four-sided trapezmm bone, 
the four-sided trapezoid, 


the eapitate, which has a head, and 
■ the hamate, which has a hook (Fig. 7.92). 

The trapezium articulates with the metaearpal bone of 
the thumb and has a distinet tubercle on its palmar 
surface that projeets anteriorly. 

The largest of the earpal bones, the eapitate, articu- 
lates with the base of metaearpal III. 

The hamate, which is positioned just lateral and distal 
to the pisiform, has a prominent hook (hook of hamate) 
on its palmar surface that projeets anteriorly. 

Articular surfaces 

The earpal bones have numerous articular surfaces 
(Fig. 7.92). All of them articulate with eaeh other, and the 
earpal bones in the distal row articulate with the metaear- 
pals of the digits. With the exception of the metaearpal of 
the thumb, all movements of the metaearpal bones on the 
earpal bones are limited. 

The expansive proximal surfaces of the seaphoid 
and lunate articulate with the radius to form the wrist 
joint. 

Carpal areh 

The earpal bones do not lie in a flat plane; rather, they 
form an areh, whose base is direeted anteriorly (Fig. 7.92). 
The lateral side of this base is formed by the tubercles 
of the seaphoid and trapezium. The medial side is formed 
by the pisiform and the hook of the hamate. 

The flexor retinaculum attaehes to, and spans the dis- 
tanee between, the medial and lateral sides of the base to 
form the anterior wall of the so-ealled earpal tunnel. The 
sides and roof of the earpal tunnel are formed by the areh 
of the earpal bones. 

Metaearpals 

Eaeh of the five metaearpals is related to one digit: 

Metaearpal I is related to the thumb. 

Metaearpals II to V are related to the index, middle, ring, 
and little fingers, respeetively (Fig. 7.92). 

Eaeh metaearpal eonsists of a base, a shaft (body), and 
distally, a head. 

All of the bases of the metaearpals articulate with the 
earpal bones; in addition, the bases of the metaearpal 
bones of the fingers articulate with eaeh other. 

All of the heads of the metaearpals articulate with 
the proximal phalanges of the digits. The heads form the 
knuckles on the dorsal surface of the hand when the 
fingers are flexed. 
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Fig. 7.92 Hand and wrist joint. A. Bones. 
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Phalanges = 


Metaearpals - 


Carpal 

bones 




Fig. 7.92, eont'd Hand and vvrist joint. B. Radiograph of a normal hand and vvrist joint (anteroposterior view). C. Magnetie resonanee image 
of a normal wrist joint in the eoronal plane. 


Phalanges 

The phalanges are the bones of the digits (Fig. 7.92): 

The thumb has two—a proximal and a distal 
phalanx. 

■ The rest of the digits have three—a proximal, a middle, 
and a distal phalanx. 

Eaeh phalanx has a base, a shaft (body), and distally, 

a head. 

The base of eaeh proximal phalanx articulates with the 
head of the related metaearpal bone. 

The head of eaeh distal phalanx is nonarticular and 
flattened into a ereseent-shaped palmar tuberosity, which 
lies under the palmar pad at the end of the digit. 

Joints 
Wrist joint 

The wrist joint is a synovial joint between the distal end 
of the radius and the articular dise overlying the distal 
end of the ulna, and the seaphoid, lunate, and triquetrum 
(Fig. 7.92). Together, the articular surfaces of the earpals 
form an oval shape with a convex contour, which 


articulates with the eorresponding eoneave surface of the 
radius and articular dise. 

The wrist joint allows movement around two axes. The 
hand ean be abducted, adducted, flexed, and extended at 
the wrist joint. 

Because the radial styloid proeess extends further dis- 
tally than does the ulnar styloid proeess, the hand ean be 
adducted to a greater degree than it ean be abducted. 

The capsule of the wrist joint is reinforeed by palmar 
radioearpal, palmar ulnocarpal, and dorsal radio- 
earpal ligaments. In addition, radial and ulnar eollat- 
eral ligaments of the wrist joint span the distanee 
between the styloid proeesses of the radius and ulna and 
the adjaeent earpal bones. These ligaments reinforee the 
medial and lateral sides of the wrist joint and support them 
during flexion and extension. 


The synovial joints between the earpal bones share a 
eommon articular eavity. The joint capsule of the joints is 
reinforeed by numerous ligaments. 

Although movement at the earpal joints (interearpal 
joints) is limited, the joints do contribute to the positioning 
of the hand in abduction, adduction, flexion, and, particu- 
larly, extension. 


Carpal joints 
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Carpometacarpal joints 

There are five earpometaearpal joints between the meta- 
earpals and the related distal row of earpal bones 

(Fig. 7.92). 

The saddle joint, between metaearpal I and the trape- 
zium, imparts a wide range of mobility to the thumb that 
is not a feature of the rest of the digits. Movements at this 
earpometaearpal joint are flexion, extension, abduction, 
adduction, rotation, and circumduction. 

The earpometaearpal joints between metaearpals II to 
V and the earpal bones are much less mobile than the 
earpometaearpal joint of the thumb, allowing only limited 
gliding movements. Movement of the joints inereases 
medially, so metaearpal V slides to the greatest degree. This 
ean be best observed on the dorsal surface of the hand as 
it makes a fist. 

Metaearpophalangeal joints 

The joints between the distalheads of the metaearpals and 
the proximal phalanges of the digits are eondylar joints, 
which allow flexion, extension, abduction, adduction, eir- 
cumduction, and limited rotation (Fig. 7.92). The capsule 
of eaeh joint is reinforeed by the palmar ligament and by 
medial and lateral eollateral ligaments. 

Deep transverse metaearpal ligaments 

The three deep transverse metaearpal ligaments 

(Fig. 7.93) are thiek bands of eonneetive tissue eonneeting 
the palmar ligaments of the metaearpophalangeal joints of 
the fingers to eaeh other. They are important because, by 
linking the heads of the metaearpal bones together, they 
restriet the movement of these bones relative to eaeh other. 
As a result, they help form a unified skeletal framework for 
the palm of the hand. 

Signifieantly, a deep transverse metaearpal ligament 
does not occur between the palmar ligament of the meta- 
earpophalangeal joint of the thumb and the palmar liga- 
ment of the index finger. The absenee of this ligament, and 
the presenee of a saddle joint between metaearpal I and the 
trapezium, are responsible for the inereased mobility of the 
thumb relative to the rest of the digits of the hand. 


Deep transverse 
metaearpal ligaments 



Palmar 

ligament 


Fig. 7.93 Deep transverse metaearpal ligaments. 


Interphalangeal joints of hand 

The interphalangeal joints of the hand are hinge 
joints that allow mainly flexion and extension. They are 
reinforeed by medial and lateral eollateral ligaments and 
palmar ligaments. 
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ln the elinie 

Fracture of the seaphoid and avascular neerosis of 
the proximal seaphoid 

The eommonest earpal injury is a fracture aeross the waist 
of the seaphoid bone (Fig. 7.94). It is uncommon to see 
other injuries. In approximately 10% of individuals 7 the 
seaphoid bone has a sole blood supply from the radial 


artery, which enters through the distal portion of the bone 
to supply the proximal portion. When a fracture occurs 
aeross the waist of the seaphoid, the proximal portion 
therefore undergoes avascular neerosis. It is impossible to 
prediet which patients have this blood supply. 


Hamate - 
Pisiíorm- 




Triquetrum 


Lunate 


Radius 



Fig.7.94 Wrist radiographs (posteroanterior view). A. Normal. B. Seaphoid fracture. 
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Carpal tunnel and structures at the wrist 

The earpal tunnel is formed anteriorly at the wrist by a 
deep areh formed by the earpal bones and the flexor reti- 
naculum (see Fig. 7.92). 

The base of the earpal areh is formed medially by the 
pisiform and the hook of the hamate and laterally by the 
tubercles of the seaphoid and trapezium. 

The flexor retinaculum is a thiek eonneetive tissue liga- 
ment that bridges the spaee between the medial and lateral 
sides of the base of the areh and eonverts the earpal areh 
into the earpal tunnel. 

The four tendons of the flexor digitomm profundus, the 
four tendons of the flexor digitomm superfìcialis, and the 
tendon of the flexor pollieis longus pass throughthe earpal 
tunnel, as does the median nerve (Fig. 7.95). 

The flexor retinaculum holds the tendons to the bony 
plane at the wrist and prevents them from “bowing.” 

Free movement of the tendons in the earpal tunnel is 
faeilitated by synovial sheaths, which surround the 
tendons. All the tendons of the flexor digitomm profundus 
and flexor digitorum superfìcialis are surrounded by a 
single synovial sheath; a separate sheath surrounds the 
tendon of the flexor pollieis longus. The median nerve is 
anterior to the tendons in the earpal tunnel. 

The tendon of the flexor earpi radialis is surrounded by 
a synovial sheath and passes through a tubular eompart- 
ment formed by the attaehment of the lateral aspeet of the 
flexor retinaculum to the margins of a groove on the medial 
side of the tubercle of the trapezhim. 

The ulnar artery, ulnar nerve, and tendon of the pal- 
maris longus pass into the hand anterior to the flexor reti- 
naculum and therefore do not pass through the earpal 
tunnel (Fig. 7.95). The tendon of the palmaris longus is not 
surrounded by a synovial sheath. 

The radial artery passes dorsally around the lateral side 
of the wrist and lies adjaeent to the external surface of the 
seaphoid. 

The extensor tendons pass into the hand on the medial, 
lateral, and posterior surfaces of the wrist in six eompart- 
ments defìned by an extensor retinaculum and lined by 
synovial sheaths (Fig. 7.95); 


The tendons of the extensor digitomm and extensor 
indieis share a eompartment and synovial sheath on the 
posterior surface of the wrist. 

The tendons of the extensor earpi ulnaris and extensor 
digiti minimi have separate eompartments and sheaths 
on the medial side of the wrist. 

The tendons of the abductor pollieis longus and exten- 
sor pollieis brevis muscles, the extensor earpi radialis 
longus and extensor earpi radialis brevis muscles, and 
the extensor pollieis longus muscle pass through three 
eompartments on the lateral surface of the wrist. 


In the elinie 

Carpal tunnel syndrome 

Carpal tunnel syndrome is an entrapment syndrome 
caused by pressure on the median nerve within the 
earpal tunnel. The etiology of this eondition is often 
obscure 7 though in some instanees the nerve injury 
may be a direet effeet of inereased pressure on the 
median nerve caused by overuse, swelling of the 
tendons and tendon sheaths (e.g., rheumatoid arthritis), 
and eysts arising from the earpal joints. inereased 
pressure in the earpal tunnel is thought to cause venous 
eongestion that produces nerve edema and anoxic 
damage to the eapillary endothelium of the median 
nerve itself. 

Patients typieally report pain and pins-and-needles 
sensations in the distribution of the median nerve. 
Weakness and loss of muscle bulk of the thenar muscles 
may also occur. Gently tapping over the median nerve 
(in the region of the flexor retinaculum) readily 
produces these symptoms (Tinel's sign). 

Initial treatment is aimed at reducing the 
inflammation and removing any repetitive insults that 
produce the symptoms. If this does not lead to 
improvement, nerve conduction studies will be 
neeessary to eonfirm nerve entrapment, which may 
require surgical deeompression of the flexor 
retinaculum. 
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Fig. 7.95 Carpal tunnel. A. Structure and relations. B. Magnetie resonanee image of a normal wrist in the axial plane. C. Magnetie resonanee 
image of a normal wrist in the eoronal plane. 
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Palmar aponeurosis 

The palmar aponeurosis is a triangiilar eondensation of 
deep faseia that eovers the palm and is anehored to the skin 
in distal regions (Fig. 7 . 96 ). 

The apex of the triangle is continuous with the palmaris 
longus tendon, when present; otherwise, it is anehored to 
the flexor retinaculum. From this point, fibers radiate to 
extensions at the bases of the digits that projeet into eaeh 
of the index, middle, ring, and little fingers and, to a lesser 
extent, the thumb. 

Transverse fibers intereonneet the more longitudinally 
arranged bundles that continue into the digits. 

Vessels, nerves, and long flexor tendons lie deep to the 
palmar aponeurosis in the palm. 


Palmaris brevis 

The palmaris brevis, a small intrinsie muscle of the hand, 
is a quadrangular-shaped subcutaneous muscle that over- 
lies the hypothenar muscles, ulnar artery, and superficial 


Longitudinal fibers Transverse fibers 

of palmar aponeurosis of palmar aponeurosis 



Fig. 7.96 Palmar aponeurosis. 


braneh of the ulnar nerve at the medial side of the palm 
(Fig. 7 . 96 ). It originates from the palmar aponeurosis and 
flexor retinaculum and inserts into the dermis of the skin 
on the medial margin of the hand. 

The palmaris brevis deepens the cup of the palm by 
pulling on skin o ver the hypothenar eminenee and forming 
a distinet ridge. This may improve grip. 

The palmaris brevis is innervated by the superficial 
braneh of the ulnar nerve. 


Anatomieal snuffbox 

The “anatomieal snuffbox” is a term given to the triangular 
depression formed on the posterolateral side of the wrist 
and metaearpal I by the extensor tendons passing into the 
thumb (Fig. 7 . 97 ). Historieally, ground tobaeeo (snuff) was 
plaeed in this depression before being inhaled into the nose. 
The base of the triangle is at the wrist and the apex is 
direeted into the thumb. The impression is most apparent 
when the thumb is extended: 

The lateral border is formed by the tendons of the abduc- 
tor pollieis longus and extensor pollieis brevis. 


First dorsal 
interosseous 

muscle 




Anatomieal 

snuffbox 


pollieis longus 

tendon 

Cephalic vein 



pollieis brevis 
tendon 


Abductor 
pollieis longus 
tendon 


Fig. 7.97 Anatomieal snuffbox. 
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The medial border is formed by the tendon of the exten- 
sor pollieis longus. 

The floor of the impression is formed by the seaphoid 
and trapezium, and the distal ends of the tendons of the 
extensor earpi radialis longus and extensor earpi radia- 
lis brevis. 

The radial artery passes obliquely through the anatomi- 
eal snuffbox, deep to the extensor tendons of the thumb 
and lies adjaeent to the seaphoid and trapezium. 

Terminal parts of the superfìcial braneh of the radial 
nerve pass subcutaneously over the snuffbox as does the 
origin of the eephalie vein from the dorsal venous areh of 
the hand. 


In the elinie 
Snuffbox 

The anatomieal snuffbox is an important elinieal region. 
When the hand is in ulnar deviation, the seaphoid 
beeomes palpable within the snuffbox. This position 
enables the physieian to palpate the bone to assess for 
a fracture. The pulse of the radial artery ean also be felt 
in the snuffbox. 

Fibrous digital sheaths 

After exiting the earpal tunnel, the tendons of the flexor 
digitorum superfìcialis and profundus muscles eross the 
palm and enter fìbrous sheaths on the palmar aspeet of the 
digits (Fig. 7.98). These fìbrous sheaths: 


Deep transverse 
metaearpal ligament 


Synovial sheath 


Flexor digítorom 
profundus tendon 


digital sheaths 



superficialÉs tendon 


Palmar ligament 



Synovial sheath of 
flexor pollieis 
longus tendon 


Synovial sheath 


Flexor retinaculum 


Fig. 7.98 Fibrous digital sheaths and synovial sheaths of the hand. 
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begin proximally, anterior to the metaearpophalangeal 
joints, and extend to the distal phalanges; 
are formed by fibrous arehes and cruciate (eross-shaped) 
ligaments, which are attaehedposteriorly to the margins 
of the phalanges and to the palmar ligaments assoeiated 
with the metaearpophalangeal and interphalangeal 
joints; and 

hold the tendons to the bony plane and prevent the 
tendons from bowing when the digits are flexed. 

Within eaeh tunnel, the tendons are surrounded by a 
synovial sheath. The synovial sheaths of the thumb and 
little finger are continuous with the sheaths assoeiated 
with the tendons in the earpal tunnel (Fig. 7.98). 

In the elinie 

De Quervain's syndrome 

De Quervain's syndrome is an inflammatory disorder 
that occurs within the first dorsal extensor eompartment 
and involves the extensor pollieis brevis tendon and 
abductor pollieis longus tendon and their eommon 
tendon sheath. Patients typieally present with 
signifieant wrist pain preventing appropriate flexion/ 
extension and abduction of the thumb. The cause of 
this disorder is often overuse. For example, the 
syndrome is eommon in young mothers who are 
eonstantly lifting young ehildren. Other causes include 
inflammatory disorders such as rheumatoid arthritis. 


In the elinie 
Tenosynovitis 

Tenosynovitis is inflammation of a tendon and its 
sheath. The eondition may be caused by overnse; 
however, it ean also be assoeiated with other disorders 
such as rheumatoid arthritis and eonneetive tissue 
pathologies. If the inflammation beeomes severe and 
ensuing fibrosis oeairs, the tendon will not run 
smoothly within the tendon sheath, and typieally within 
the fingers the tendon may stiek or require excess foree 
to fully extend and flex, producing a "triggering" 
phenomenon. 


In the dinie 

Trigger finger 

Trigger fìnger is a eommon disorder of late ehildhood 
and adulthood and is typieally eharaeterized by 
eatehing or snapping and oeeasionally loeking of the 
flexor tendon(s) in the hand. Trigger finger ean be 
assoeiated with signifieant dysfunction and pain. The 
triggering is usually related to fibrosis and tightening of 
the flexor tendon sheath at the level of the 
metaearpophalangeal joint. 

Extensor hoods 

The tendons of the extensor digitomm and extensor pol- 
lieis longus muscles pass onto the dorsal aspeet of the 
digits and expand over the proximal phalanges to form 
complex “extensor hoods’’ or “dorsal digital expan- 
sions” (Fig. 7.99A). The tendons of the extensor digiti 
minimi, extensor indieis, and extensor pollieis brevis 
muscles join these hoods. 

Eaeh extensor hood is triangular, with: 

the apex attaehed to the distal phalanx, 
the eentral region attaehed to the middle phalanx 
(index, middle, ring, and little fingers) or proximal 
phalanx (thumb), and 

eaeh eorner of the base wrapped around the sides of the 
metaearpophalangeal joint—in the index, middle, ring, 
and little fingers, the eorners of the hoods attaeh mainly 
to the deep transverse metaearpal ligaments; in the 
thumb, the hood is attaehed on eaeh side to muscles. 

In addition to other attaehments, many of the intrinsie 
muscles of the hand insert into the free margin of the hood 
on eaeh side. By inserting into the extensor hood, these 
intrinsie muscles are responsible for complex delieate 
movements of the digits that could not be aeeomplished 
with the long flexor and extensor tendons alone. 

In the index, middle, ring, and little fingers, the lumbri- 
eal, interossei, and abductor digiti minimi muscles attaeh 
to the extensor hoods. In the thumb, the adductor pollieis 
and abductor pollieis brevis muscles insert into and anehor 
the extensor hood. 
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Fig.7.99 Extensor hood. A and B. Middle finger, left hand. C. Function of extensor hoods and intrinsie muscles. 
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Because foree from the small intrinsie muscles of the 
hand is applied to the extensor hood distal to the fulcrum 
of the metaearpophalangeal joints, the muscles flex these 
joints (Fig. 7.99B). Simultaneously, theforeeis transferred 
dorsally through the hood to extend the interphalangeal 
joints. This ability to flex the metaearpophalangeal joints, 
while at the same time extending the interphalangeal 
joints, is entirely due to the intrinsie muscles of the hand 
working through the extensor hoods. This type of preei- 
sion movement is used in the upstroke when writing a t 

(Fig. 7.99C). 

Musdes 

The intrinsie muscles of the hand are the palmaris brevis 
(deseribed on p. 800; see Fig. 7.96), interossei, adductor 
pollieis, thenar, hypothenar, and lumbrical muscles (Figs. 
7.100 to 7.104). Unlike the extrinsic muscles that origi- 
nate in the forearm, insert in the hand, and function in 


forcefully gripping ( u power grip”) with the hand, the 
intrinsie muscles occur entirely in the hand and mainly 
execute preeision movements (“preeision grip”) with the 
fìngers and thumb. 

All of the intrinsie muscles of the hand are innervated 
by the deep braneh of the ulnar nerve except for the three 
thenar and two lateral lumbrical muscles, which are inner- 
vated by the median nerve. The intrinsie muscles are pre- 
dominantly innervated by spinal eord segment T1 with a 
contribution from C8. 

The interossei are muscles between and attaehed to the 
metaearpals (Figs. 7.100 and 7.101). They insert into the 
proximal phalanx of eaeh digit and into the extensor hood 
and are divided into two groups, the dorsal interossei and 
the palmar interossei. All of the interossei are innervated 
by the deep braneh of the ulnar nerve. Collectively, the 
interossei abduct and adduct the digits and contribute to 
the complex flexion and extension movements generated 
by the extensor hoods. 


Abduction 



interosseous 


Radial artery 


Fig. 7.100 Dorsal interossei (palmar view). 



First palmar 
interosseous 
(mdimentary: when 
present is often 
eonsidered part of 
either adductor 
pollieis or flexor 
pollieis brevis) 


Fig. 7.101 Palmar interossei (palmar view) 
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Transverse head of adductor pollieis 



Radial artery 
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Sesamoid bone 


Oblique head of adductor pollieis 


Fig. 7.102 Adductor pollieis. 
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Fig. 7.103 Thenar and hypothenar muscles. 
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Fig. 7.104 Lumbrical muscles. 
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Dorsal interossei 

Dorsal interossei are the most dorsally situated of all of 
the intrinsie muscles and ean be palpated through the skin 
on the dorsal aspeet of the hand (Fig. 7.100). There are 
four bipennate dorsal interosseous muscles between, and 
attaehed to, the shafts of adjaeent metaearpal bones 
(Fig. 7.100). Eaeh muscle inserts both into the base of the 
proximal phalanx and into the extensor hood of its related 
digit. 

The tendons of the dorsal interossei pass dorsal to the 
deep transverse metaearpal ligaments: 

■ The fìrst dorsal interosseous muscle is the largest and 
inserts into the lateral side of the index finger. 


The seeond and third dorsal interossei insert into the 
lateral and medial sides, respeetively, of the middle 
finger. 

The fourth dorsal interosseous muscle inserts into the 
medial side of the ring finger. 

In addition to generating flexion and extension move- 
ments of the fingers through their attaehments to the 
extensor hoods, the dorsal interossei are the major abduc- 
tors of the index, middle, and ring fingers, at the metaear- 
pophalangeal joints (Table 7.15). 

The middle finger ean abduct medially and laterally 
with respeet to the long axis of the middle finger and eon- 
sequently has a dorsal interosseous muscle on eaeh side. 
The thumb and little finger have their own abductors in the 


Table 7.15 Intrinsie muscles of the hand (spinal segments indieated in bold are the major segments innervating the muscle) 


Musde 

Origin 

Insertion 

Innervation 

Fiinetion 

Palmaris brevis 

Palmar aponeurosis and 
flexor retinaculum 

Dermis of skin on the medial 
margin ofthe hand 

Superficial braneh of 
the ulnar nerve(C8,T1) 

Improves grip 

Dorsal interossei 
(four muscles) 

Adjaeent sides of metaearpals 

Extensor hood and base of 
proximal phalanges of index, 
middle, and ring fingers 

Deep braneh of ulnar 
nerve (C8, T1) 

Abduction of index, middle, 
and ring fingers at the 
metaearpophalangeal joints 

Palmar interossei 
(three or four 
muscles) 

Sides of metaearpals 

Extensor hoods of the 
thumb, index, ring, and little 
fingers and the proximal 
phalanx of thumb 

Deep braneh of ulnar 
nerve (C8, T1) 

Adduction of the thumb, index, 
ring, and little fingers at the 
metaearpophalangeal joints 

Adductor pollieis 

Transverse head—metaearpal 
III; oblique head—eapitate 
and bases of metaearpals II 
and III 

Base of proximal phalanx 
and extensor hood of thumb 

Deep braneh of ulnar 
nerve (C8, T1) 

Adducts thumb 

Lumbricals (four 
muscles) 

Tendons of flexor digitomm 
profundus 

Extensor hoods of index, 
ring, middle, and little 
fingers 

Medial two by the 
deep braneh of the 
ulnar nerve; lateral two 
by digital branehes of 
the median nerve 

Flex metaearpophalangeal 
joints while extending 
interphalangeal joints 

THENAR MUSCLES 





Opponens 

pollieis 

Tubercle of trapezium and 
flexor retinaculum 

Lateral margin and adjaeent 
palmar surface of metaearpal 

1 

Recurrent braneh of 
median nerve (C8,T1) 

Medially rotates thumb 

Abductor pollieis 
brevis 

Tubercles of seaphoid and 
trapezium and adjaeent 
flexor retinaculum 

Proximal phalanx and 
extensor hood of thumb 

Recurrent braneh of 
median nerve (C8, T1) 

Abducts thumb at 
metaearpophalangeal joint 

Flexor pollieis 
brevis 

Tubercle of the trapezium 
and flexor retinaculum 

Proximal phalanxofthe 
thumb 

Recurrent braneh of 
median nerve (C8, T1) 

Flexes thumb at 
metaearpophalangeal joint 

HYPOTHENAR MUSCLES 




Opponens digiti 
minimi 

Hook of hamate and flexor 
retinaculum 

Medial aspeet of metaearpal 

V 

Deep braneh of ulnar 
nerve (C8, T1) 

Laterally rotates metaearpal V 

Abductor digiti 
minimi 

Pisiform, the pisohamate 
ligament, and tendon of 
flexor earpi ulnaris 

Proximal phalanx of little 
finger 

Deep braneh of ulnar 
nerve (C8,T1) 

Abducts little finger at 
metaearpophalangeal joint 

Flexor digiti 
minimi brevis 

Hook of the hamate and 
flexor retinaculum 

Proximal phalanx of little 
finger 

Deep braneh of ulnar 
nerve (C8,T1) 

Flexes little finger at 
metaearpophalangeal joint 
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thenar and hypothenar muscle groups, respeetively, and 
therefore do not have dorsal interossei. 

The radial artery passes between the two heads of the 
fìrst dorsal interosseous muscle as it passes from the ana- 
tomieal snufíbox on the posterolateral side of the wrist into 
the deep aspeet of the palm. 

Palmar interossei 

The three (or four) palmar interossei are anterior to the 
dorsal interossei, and are unipennate muscles originating 
from the metaearpals of the digits with which eaeh is asso- 
eiated (Fig. 7.101). 

The fìrst palmar interosseous muscle is mdimentary 
and often eonsidered part of either the adductor pollieis or 
the flexor pollieis brevis. When present, it originates from 
the medial side of the palmar surface of metaearpal I 
and inserts into both the base of the proximal phalanx of 
the thumb and into the extensor hood. A sesamoid bone 
often occurs in the tendon attaehed to the base of the 
phalanx. 

The seeond palmar interosseous muscle originates 
from the medial surface of metaearpal II and inserts 
into the medial side of the extensor hood of the index 
fìnger. 

The third and fourth palmar interossei originate from 
the lateralsurfaces of metaearpals IV and V and insert into 
the lateral sides of the respeetive extensor hoods. 

Like the tendons of the dorsal interossei, the tendons of 
the palmar interossei pass dorsal to the deep transverse 
metaearpal ligaments. 

The palmar interossei adduct the thumb, index, ring, 
and little fìngers with respeet to a long axis through the 
middle fìnger. The movements occur at the metaearpopha- 
langeal joints. Because the muscles insert into the extensor 
hoods, they also produce complex flexion and extension 
movements of the digits (Table 7.15). 

Adductor pollieis 

The adductor pollieis is a large triangular muscle 
anterior to the plane of the interossei that erosses the palm 
(Fig. 7.102). It originates as two heads: 

■ a transverse head from the anterior aspeet of the shaft 

of metaearpal III, and 

an oblique head, from the eapitate and adjaeent bases 

of metaearpals II and III. 

The two heads eonverge laterally to form a tendon, 
which often eontains a sesamoid bone, that inserts into 
both the medial side of the base of the proximal phalanx 
of the thumb and into the extensor hood. 


Theradialartery passes anteriorly and medially between 
the two heads of the muscle to enter the deep plane of the 
palm and form the deep palmar areh. 

The adductor pollieis is a powerful adductor of the 
thumb and opposes the thumb to the rest of the digits in 
gripping (Table 7.15). 


The threethenar rmiseles (the opponens pollieis, flexor pol- 
lieis brevis, and abductor pollieis brevis muscles) are assoei- 
ated with opposition of the thumb to the fìngers and with 
delieate movements of the thumb (Fig. 7.103) and are 
responsible for the prominent swelling (thenar emi- 
nenee) on the lateral side of the palm at the base of the 
thumb. 

The thenar muscles are innervated by the recurrent 
braneh of the median nerve. 


The opponens pollieis muscle is the largest of the thenar 
muscles and lies deep to the other two (Fig. 7.103). Origi- 
nating from the tubercle of the trapezhim and the adjaeent 
flexor retinaculum, it inserts along the entire length of the 
lateral margin and adjaeent lateral palmar surface of 
metaearpal I. 

The opponens pollieis rotates and flexes metaearpal 
I on the trapezhim, so bringing the pad of the thumb into 
a position faeing the pads of the fìngers (Table 7.15). 

Abductor pollieis brevis 

The abductor pollieis brevis muscle overlies the oppo- 
nens pollieis and is proximal to the flexor pollieis brevis 
rmisele (Fig. 7.103). It originates from the tubercles of the 
seaphoid and trapezium and from the adjaeent flexor reti- 
naculum, and inserts into the lateral side of the base of the 
proximal phalanx of the thumb and into the extensor 
hood. 

The abductor pollieis brevis abducts the thumb, prinei- 
pally at the metaearpophalangeal joint. Its aetion is most 
apparent when the thumb is maximally abducted and the 
proximal phalanx is moved out of line with the long axis 
of the metaearpal bone ( Table 7.15). 


The flexor pollieis brevis muscle is distal to the abductor 
pollieis brevis (Fig. 7.103). It originates mainly from the 
tubercle of the trapezhim and adjaeent flexor retinaculum, 
but it may also have deeper attaehments to other earpal 
bones and assoeiated ligaments. It inserts into the lateral 
side of the base of the proximal phalanx of the thumb. The 
tendon often eontains a sesamoid bone. 


Thenar musdes 


Opponens pollieis 


Flexor pollieis brevis 
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The flexor pollieis brevis flexes the metaearpophalan- 
geal joint of the thumb (Table 7.15). 


The flexor digiti minimi brevis flexes the metaearpopha- 
langeal joint. 


Hypothenar musdes 

The hypothenar muscles (the opponens digiti minimi, 
abductor digiti minimi, and flexor digiti minimi brevis) 
contribute to the swelling (hypothenar eminenee) on 
the medial side of the palm at the base of the little fìnger 
(Fig. 7.103). The hypothenar muscles are similar to the 
thenar muscles in name and in organization. 

Unlike the thenar muscles, the hypothenar muscles are 
innervated by the deep braneh of the ulnar nerve and not 
by the recurrent braneh of the median nerve. 


Opponens digiti minimi 

The opponens digiti minimi muscle lies deep to the other 
two hypothenar muscles (Fig. 7.103). It originates from 
the hook of the hamate and from the adjaeent flexor reti- 
naculum and it inserts into the medial margin and palmar 
surface of metaearpal V. Its base is penetrated by the deep 
branehes of the ulnar nerve and ulnar artery. 

The opponens digiti minimi rotates metaearpal V toward 
the palm; however, because of the simple shape of the ear- 
pometaearpal joint and the presenee of a deep transverse 
metaearpal ligament, which attaehes the head of metaear- 
pal V to that of the ring finger, the movement is much less 
dramatie than that of the thumb (Table 7.15). 

Abductor digiti minimi 

The abductor digiti minimi muscle overlies the oppo- 
nens digiti minimi (Fig. 7.103). It originates from the pisi- 
form bone, the pisohamate ligament, and the tendon of the 
flexor earpi ulnaris, and inserts into the medial side of the 
base of the proximal phalanx of the little finger and into 
the extensor hood. 

The abductor digiti minimi is the prineipal abductor of 
the little finger (Table 7.15). 

Flexor digiti minimi brevis 

The flexor digiti minimi brevis muscle is lateral to the 
abductor digiti minimi (Fig. 7.103). It originates from 
the hook of the hamate bone and the adjaeent flexor reti- 
naculum and inserts with the abductor digiti minimi 
muscle into the medial side of the base of the proximal 
phalanx of the little finger. 


Lumbrical musdes 

There are four lumbrical (worm-like) muscles, eaeh of 
which is assoeiated with one of the fingers. The muscles 
originate from the tendons of the flexor digitorum profun- 
dus in the palm: 

The medial two lumbricals are bipennate and originate 
from the flexor digitoram profundus tendons assoeiated 
with the middle and ring fingers and the ring and little 
fingers, respeetively. 

■ The lateral two lumbricals are unipennate muscles, 
originating from the flexor digitorum profundus 
tendons assoeiated with the index and middle fingers, 
respeetively. 

The lumbricals pass dorsally around the lateral side of 
eaeh finger, and insert into the extensor hood (Fig. 7.104). 
The tendons of the muscles are anterior to the deep trans- 
verse metaearpal ligaments. 

The lumbricals are unique because they link flexor 
tendons with extensor tendons. Through their insertion 
into the extensor hoods, they partieipate in flexing the 
metaearpophalangeal joints and extending the interpha- 
langeal joints. 

The medial two lumbricals are innervated by the 
deep braneh of the ulnar nerve; the lateral two lumbricals 
are innervated by digital branehes of the median nerve 

(Table 7.15). 


Arteries and veins 

The blood supply to the hand is by the radial and ulnar 
arteries, which form two intereonneeted vascular arehes 
(superficial and deep) in the palm (Fig. 7.105). Vessels to 
the digits, muscles, and joints originate from the two arehes 
and the parent arteries: 

The radial artery contributes substantially to the supply 
of the thumb and the lateral side of the index finger. 
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Deep palmar areh 


Fig. 7.105 Arterial supply of the hand. 
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The remaining digits and the medial side of the index 
finger are supplied mainly by the ulnar artery. 

Ulnar artery and superfìcial palmar areh 

The ulnar artery and ulnar nerve enter the hand on the 
medialside of the wrist (Fig. 7.106). The vesselliesbetween 
the palmaris brevis and the flexor retinaculum and is 
lateral to the ulnar nerve and the pisiform bone. Distally, 
the ulnar artery is medial to the hook of the hamate bone 
and then swings laterally aeross the palm, forming the 
superfìcial palmar areh, which is superficial to the long 
flexor tendons of the digits and just deep to the palmar 
aponeurosis. On the lateral side of the palm, the areh eom- 
municates with a palmar braneh of the radial artery. 

One braneh of the ulnar artery in the hand is the deep 
palmar braneh (Figs. 7.105 and 7.106), which arises 
from the medial aspeet of the ulnar artery, just distal to the 
pisiform, and penetrates the origin of the hypothenar 
muscles. It curves medially around the hook of the hamate 
to aeeess the deep plane of the palm and to anastomose 
with the deep palmar areh derived from the radial artery. 


Branehes from the superficial palmar areh include: 

a palmar digital artery to the medial side of the little 
finger, and 

three large, eommon palmar digital arteries, which 
ultimately provide the prineipal blood supply to the 
lateral side of the little finger, both sides of the ring and 
middle fingers, and the medial side of the index finger 
(Fig. 7.106); they are joined by palmar metaearpal 
arteries from the deep palmar areh before bifurcating 
into the proper palmar digital arteries, which enter 
the fingers. 

Radial artery and deep palmar areh 

The radial artery curves around the lateral side of the 
wrist and passes over the floor of the anatomieal snuffbox 
and into the deep plane of the palm by penetrating anteri- 
orly through the baekof thehand (Figs. 7.105 and 7.107). 
It passes between the two heads of the first dorsal interos- 
seous muscle and then between the two heads of the 
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Fig. 7.106 Superficial palmar areh. 
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adductor pollieis to aeeess the deep plane of the palm and 
form the deep palmar areh. 

The deep palmar areh passes medially through the 
palm between the metaearpal bones and the long flexor 
tendons of the digits. On the medial side of the palm, it 
eomiminieates with the deep palmar braneh of the ulnar 
artery (Figs. 7.105 and 7.107). 

Before penetrating the baek of the hand, the radial 
artery gives rise to two vessels: 

a dorsal earpal braneh, which passes medially as the 

dorsal earpal areh, aeross the wrist and gives rise to 


three dorsal metaearpal arteries, which subse- 
quently divide to beeome small dorsal digital arteries, 
which enter the fìngers; and 

the first dorsal metaearpal artery, which supplies 
adjaeent sides of the index fìnger and thumb. 

Two vessels, the prineeps pollieis artery and the 
radialis indieis artery, arise from the radial artery in the 
plane between the fìrst dorsal interosseous and adductor 
pollieis. The prineeps pollieis artery is the major blood 
supply to the thumb, and the radialis indieis artery supplies 
the lateral side of the index fìnger. 
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Fig. 7.107 Deep palmar areh. 
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The deep palmar areh gives rise to: 

three palmar metaearpal arteries, which join the 
eommon palmar digital arteries from the siiperfieial 
palmar areh; and 

three perforating branehes, which pass posteriorly 
between the heads of origin of the dorsal interossei to 
anastomose with the dorsal metaearpal arteries from 
the dorsal earpal areh. 

In the elinie 
Allen'stest 

To test for adequate anastomoses between the radial 
and ulnar arteries, eompress both the radial and ulnar 
arteries at the wrist, then release pressure from one or 
the other, and determine the fìlling pattern of the hand. 

If there is little eonneetion between the deep and 
superficial palmar arteries, only the thumb and lateral 
side of the index finger will fill with blood (beeome red) 
when pressure on the radial artery alone is released. 

Veins 

As generally found in the upper limb, the hand eontains 
intereonneeted networks of deep and superficial veins. The 
deep veins follow the arteries; the superficial veins drain 
into a dorsal venous network on the baek of the hand over 
the metaearpal bones (Fig. 7.108). 

The eephalie vein originates from the lateral side of the 
dorsal venous network and passes over the anatomieal 
snuffbox into the forearm. 

The basilie vein originates from the medial side of the 
dorsal venous network and passes into the dorsomedial 
aspeet of the forearm. 

In the elinie 
Venipuncture 

In many patients, venous aeeess is neeessary for 
obtaining blood for laboratory testing and 
administering fluid and intravenous drugs. The ideal 
sites for venous aeeess are typieally in the cubital fossa 
and in the eephalie vein adjaeent to the anatomieal 
snuffbox. The veins are simply distended by use of a 
tourniquet. A tourniquet should be applied enough to 
allow the veins to beeome prominent. For 
straightforward blood tests the antecubital vein is 
usually the preferred site, and although it may not 
always be visible, it is easily palpated. The eephalie vein 
is generally the preferred site for a short-term 
intravenous cannula. 





Fig. 7.108 Dorsal venous areh of the hand. 


Nerves 

The hand is supplied by the ulnar, median, and radial 
nerves (Figs. 7.109 to 7.111). All three nerves contribute 
to cutaneous or general sensory innervation. The ulnar 
nerve innervates all intrinsie muscles of the hand except 
for the three thenar muscles and the two lateral lumbricals, 
which are innervated by the median nerve. The radial 
nerve only innervates skin on the dorsolateral side of 
the hand. 

lilnar nerve 

The ulnar nerve enters the hand lateral to the pisiform and 
posteromedially to the ulnar artery (Fig. 7.109). Immedi- 
ately distal to the pisiform, it divides into a deep braneh, 
which is mainly motor, and a superficial braneh, which is 
mainly sensory. 

The deep braneh of the ulnar nerve passes with the 
deep braneh of the ulnar artery (Fig. 7.109). It penetrates 
and supplies the hypothenar muscles to reaeh the deep 
aspeet of the palm, arehes laterally aeross the palm, deep 
to the long flexors of the digits, and supplies the interossei, 
the adductor pollieis, and the two medial lumbricals. In 
addition, the deep braneh of the ulnar nerve contributes 
small articular branehes to the wrist joint. 
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Fig. 7.109 Ulnar nerve in the hand. 
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In the elinie 

lllnar nerve injury 

The ulnar nerve is most eommonly injured at two sites: 
the elbow and the wrist. 

■ At the elbow, the nerve lies posterior to the medial 
epieondyle. 

■ At the wrist, the ulnar nerve passes superficial to the 
flexor retinaculum and lies lateral to the pisiform 
bone. 

Lllnar nerve lesions are eharaeterized by "clawing" of 
the hand, in which the metaearpophalangeal joints of the 
fìngers are hyperextended and the interphalangeal joints 
are flexed because the function of most of the intrinsie 
muscles of the hand is lost (Fig. 7.110). 



Fig. 7.110 Typieal appearanee of a “elavved hand” due to a 
lesion of the ulnar nerve. 


Clawing is most pronounced in the medial fingers 
because the function of all intrinsie muscles of these digits 
is lost while in the lateral two digits, the lumbricals are 
innervated by the median nerve. Function of the adductor 
pollieis muscle is also lost. 

In lesions of the ulnar nerve at the elbow, function of 
the flexor earpi ulnaris muscle and flexor digitomm 
profundus to the medial two digits is lost as well. Clawing 
of the hand r particularly of the little and ring fingers, is 
worse with lesions of the ulnar nerve at the wrist than at 
the elbow because intermption of the nerve at the elbow 
paralyzes the ulnar half of the flexor digitorum profundus, 
which leads to laek of flexion at the distal interphalangeal 
joints in these fìngers. 

Lllnar nerve lesions at the elbow and wrist result in 
impaired sensory innervation on the palmar aspeet of the 
medial one and one-half digits. 

Damage to the ulnar nerve at the wrist or at a site 
proximal to the wrist ean be distinguished by evaluating 
the status of function of the dorsal braneh (cutaneous) of 
the ulnar nerve, which originates in distal regions of the 
forearm. This braneh innervates skin overthe dorsal 
surface of the hand on the medial side. 


As the deep braneh of the ulnar nerve passes aeross the 
palm, it lies in a fìbro-osseous tunnel (Guyon’s eanal) 
between the hook of the hamate and the flexor tendons. 
Oeeasionally, small outpouchings of synovial membrane 
(ganglia) from the joints of the carpus eompress the nerve 
within this eanal, producing sensory and motor symptoms. 


The superfìcial braneh of the ulnar nerve innervates the 
palmaris brevis muscle and continues aeross the palm to 
supply skin on the palmar surface of the little fìnger and 
the medial half of the ring fìnger (Fig. 7.109). 
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Median nerve 

The median nerve is the most important sensory nerve in 
the hand because it innervates skin on the thumb, index 
and middle fingers, and lateral side of the ring finger 
(Fig. 7.111). The nervous system, using touch, gathers 
information about the environment from this area, par- 
ticularly from the skin on the thumb and index finger. In 
addition, sensory information from the lateral three and 
one-half digits enables the fingers to be positioned with the 
appropriate amount of foree when using preeision grip. 

The median nerve also innervates the thenar muscles 
that are responsible for opposition of the thumb to the 
other digits. 

The median nerve enters the hand by passing through 
the earpal tunnel and divides into a recurrent braneh and 
palmar digital branehes (Fig. 7.111). 


The recurrent braneh of the median nerve innervates 
the three thenar muscles. Originating from the lateral side 
of the median nerve near the distal margin of the flexor 
retinaculum, it curves around the margin of the retinacu- 
lum and passes proximally over the flexor pollieis brevis 
imisele. The recurrent braneh then passes between the 
flexor pollieis brevis and abductor pollieis brevis to end in 
the opponens pollieis. 

The palmar digital nerves eross the palm deep to the 
palmar aponeurosis and the superficial palmar areh and 
enter the digits. They innervate skin on the palmar sur- 
faees of the lateral three and one-half digits and cutaneous 
regions over the dorsal aspeets of the distal phalanges (nail 
beds) of the same digits. In addition to skin, the digital 
nerves supply the lateral two lumbrical muscles. 
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Fig. 7.111 Median nerve in the hand. 
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Siiperfìeial braneh of the radial nerve 

The only part of the radial nerve that enters the hand is 
the siiperfìeial braneh (Fig. 7.112). It enters the hand by 
passing over the anatomieal snufíbox on the dorsolateral 
side of the wrist. Terminal branehes of the nerve ean be 


palpated or “rolled” against the tendon of the extensor pol- 
lieis longus as they eross the anatomieal snuffbox. 

The superfìcial braneh of the radial nerve innervates 
skin over the dorsolateral aspeet of the palm and the dorsal 
aspeets of the lateral three and one-half digits distally to 
approximately the terminal interphalangeal joints. 


In the elinie 

Radial nerve injury 

Around the elbow joint the radial nerve divides into its 
two terminal branehes—the superficial braneh and the 
deep braneh. 

The most eommon radial nerve injury is damage to the 
nerve in the radial groove of the humerus 7 which produces 
a global paralysis of the muscles of the posterior 
eompartment, resulting in wrist drop. Radial nerve damage 
ean result from fracture of the shaft of the humerus as the 
radial nerve spirals around in the radial groove. The typieal 
injury produces reduction of sensation in the cutaneous 


distribution, predominantly over the posterior aspeet of 
the hand. Severing the posterior interosseous nerve 
(continuation of deep braneh of radial nerve) may paralyze 
the muscles of the posterior eompartment of the forearm, 
but the nerve supply is variable. Typieally, the patient may 
not be able to extend the fingers. 

The distal branehes of the superfìcial braneh of the 
radial nerve ean be readily palpated as "eords" passing over 
the tendon of the extensor pollieis longus in the 
anatomieal snuffbox. Damage to these branehes is of little 
consequence because they supply only a small area of skin. 


(of 



Anatomieal snuffbox 



Palmar view 


Fig. 7.112 Radial nerve in the hand. 



Dorsal view 
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Surface anatomy 

Upper limb surface anatomy 

Tendons, muscles, and bony landmarks in the upper limb 
are used to loeate major arteries, veins, and nerves. Asking 
patients to maneuver their upper limbs in speeifie ways is 
essential for performing neurological examinations. 

Tendons are used to test reflexes assoeiated with speeifie 
spinal eord segments. 

Vessels are used elinieally as points of entry into the 
vascular system (for eolleeting blood and administering 
pharmaceuticals and nutrients), and for taking blood 
pressure and pulses. 

■ Nerves ean beeome entrapped or be damaged in regions 
where they are related to bone or pass through eonfined 
spaees. 

Bony landmarks and miisdes of the posterior 
scapular region 

The medial border, inferior angle, and part of the lateral 
border of the scapula ean be palpated on a patient, as ean 


the spine and aeromion. The superior border and angle of 
the scapula are deep to soft tissue and are not readily 
palpable. The supraspinatus and infraspinatus muscles 
ean be palpated above and below the spine, respeetively 

(Fig. 7.113). 

The trapezms muscle is responsible for the smooth 
contour of the lateral side of the neek and over the superior 
aspeet of the shoulder. 

The deltoid muscles form the muscular eminenee infe- 
rior to the aeromion and around the glenohumeral joint. 
The axillary nerve passes posteriorly around the surgical 
neek of the humerus deep to the deltoid muscle. 

The latissimus dorsi muscle forms much of the muscle 
mass underlying the posterior axillary skin fold extending 
obliquely upward from the tmnk to the arm. The teres 
major muscle passes from the inferior angle of the scapula 
to the upper humerus and contributes to this posterior axil- 
lary skin fold laterally. 


Siipraspinatiis muscle 


Spine of scapula 


lnfraspinatus muscle 


Teres minor muscle 


Posterior axillary skin fold 



Trapezíus muscle 




Axillary nerve 


Teres major muscle 


Latissimus dorsi muscle 


Fig. 7.113 Bony landmarks and muscles of the posterior scapular region. Posterior view of shoulder and baek. 
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Visiializing the axilla and loeating eontents 
and related structures 

The axillary inlet and outlet and walls of the axilla ean be 
established using skin folds and palpable bony landmarks 

(Fig. 7.114). 

The anterior margin of the axillary inlet is the elaviele, 
which ean be palpated along its entire length. The 
lateral limit of the axillary inlet is approximated by 
the tip of the eoraeoid proeess, which is palpable 


immediately below the lateral third of the elaviele and 
deep to the medial margin of the deltoid muscle. 

The inferior margin of the anterior axillary wall is the 
anterior axillary skin fold, which overlies the lower 
margin of the peetoralis major muscle. 

The inferior margin of the posterior axillary wall is the 
posterior axillary skin fold, which overlies the margins 
of the teres major muscle laterally and latissimus dorsi 
muscle medially. 

The medial wall of the axilla is the upper part of the 
serratus anterior muscle overlying the thoraeie wall. 
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Fig. 7.114 Visualizing the axilla and loeating its eontents and related structures. A. Anterior shoulder showing folds and walls of the axilla. 
B. Anterior shoulder showing outlet and floor of the axilla. C. Anterior view showing the axillary neurovascular bundle and long thoraeie 
nerve. D. Anterior view of the shoulder showing the elavipeetoral triangle with the eephalie vein. 
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The long thoraeie nerve passes vertieally out of the 
axilla and down the lateral surface of the serratus ante- 
rior muscle in a position just anterior to the posterior 
axillary skin fold. 

The lateral boundary of the axilla is the humerus. 

The floor of the axilla is the dome of skin between the 
posterior and anterior axillary skin folds. 

Major vessels, nerves, and lymphaties travel between 
the upper limb and the trank by passing through the axilla. 

The axillary artery, axillary vein, and eomponents of 
the braehial plexus pass through the axilla and into the 
arm by traveling lateral to the dome of skin that forms the 
f loor. This neurovascular bundle ean be palpated by plaeing 


a hand into this dome of skin and pressing laterally against 
the humerus. 

The eephalie vein travels in superfìcial faseia in the eleft 
between the deltoid muscle and the peetoralis major muscle 
and penetrates deep faseia in the elavipeetoral triangle to 
join with the axillary vein. 

Loeating the braehial artery in the arm 

The braehial artery is on the medial side of the arm in the 
eleft between the bieeps braehii and trieeps braehii muscles 
(Fig. 7.115). The median nerve courses with the braehial 
artery, whereas the ulnar nerve deviates posteriorly from 
the vessel in distal regions. 
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Fig. 7.115 Loeating the braehial artery in the arm (medial view of arm with braehial artery, median nerve, and ulnar nerve) 
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The trieeps braehii tendon and position of 
the radial nerve 

The trieeps braehii muscle forms the soft tissue mass pos- 
terior to the humerus, and the tendon inserts onto the 
oleeranon of the ulna, which is readily palpable and 
forms the bony protuberance at the “tip” of the elbow 

(Fig. 7.116). 

The braehioradialis imisele is also visible as a muscular 
bulge on the lateral aspeet of the arm. It is particularly 
prominent when the forearm is half pronated, flexed at the 
elbow against resistanee, and viewed anteriorly. 

The radial nerve in the distal arm emerges from behind 
the humerus to lie deep to the braehioradialis muscle. 

Cubital fossa (anterior view) 

The cubital fossa lies anterior to the elbow joint and eon- 
tains the bieeps braehii tendon, the braehial artery, and the 
median nerve (Fig. 7.117). 

The base of the cubital fossa is an imaginary 
line between the readily palpable medial and lateral 


epieondyles of the humerus. The lateral and medial borders 
are formed by the braehioradialis and pronator teres 
muscles, respeetively. The margin of the braehioradialis 
ean be found by asking a subject to flex the semipronated 
forearm against resistanee. The margin of the pronator 
teres ean be estimated by an oblique line extending between 
the medial epieondyle and the midpoint along the length 
of the lateral surface of the forearm. The approximate apex 
of the cubital fossa is where this line meets the margin of 
the braehioradialis muscle. 

Contents of the cubital fossa, from lateral to medial, are 
the tendon of the bieeps braehii, the braehial artery, and 
the median nerve. The tendon of the bieeps braehii is easily 
palpable. Often the eephalie, basilie, and median cubital 
veins are visible in the subcutaneous faseia overlying the 
cubital fossa. 

The ulnar nerve passes behind the medial epieondyle 
of the humerus and ean be “rolled” here against the 
bone. 

The radial nerve travels into the forearm deep to the 
margin of the braehioradialis muscle anterior to the elbow 
joint. 
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Fig. 7.116 Trieeps braehii tendon and position of the radial nerve (posterior view of arm). 
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Fig. 7.117 Cubital fossa (anterior view). A. Anterior view. B. Boundaries and eontents. C. Showing radial and ulnar nerves, and veins. 
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Identifying tendons and loeating major 
vessels and nerves in the distal forearm 

Tendons that pass from the forearm into the hand are 
readily visible in the distal forearm and ean be used as 
landmarks to loeate major vessels and nerves. 

In the anterior aspeet of the distal forearm, the tendons 
of the flexor earpi radialis, flexor earpi ulnaris, and pal- 
maris longus muscles ean be easily loeated either by palpat- 
ing or by asking a patient to flex the wrist against 
resistanee. 


The tendon of flexor earpi radialis is loeated approxi- 
mately at the junction between the lateral and middle 
thirds of an imaginary line drawn transversely aeross 
the distal forearm. The radial artery is immediately 
lateral to this tendon and this site is used for taking a 
radialpulse (Fig. 7.118A). 

The tendon of the flexor earpi ulnaris is easily palpated 
along the medial margin of the forearm and inserts 
on the pisiform, which ean also be palpated by following 
the tendon to the base of the hypothenar eminenee 
of the hand. The ulnar artery and ulnar nerve travel 
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Fig. 7.118 Identifying tendons and loeating major vessels and nerves in the distal forearm. A. Anterior distal forearm and wrist. B. Posterior 
distal forearm and wrist. C. Lateral view of posterior wrist and forearm. D. Anatomieal snuffbox. 
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through the distal forearm and into the hand under the 
lateral lip of the flexor earpi ulnaris tendon and lateral 
to the pisiform. 

The palmaris longus tendon may be absent, but when 
present, lies medial to the flexor earpi radialis tendon 
and is particularly prominent when the wrist is flexed 
against resistanee. The median nerve is also medial to 
the flexor earpi radialis tendon and lies under the pal- 
maris longus tendon. 

The long tendons of the digits of the hand are deep to 
the median nerve and between the long flexors of the 
wrist. Their position ean be visualized by rapidly and 
repeatedly flexing and extending the fìngers frommedial 
to lateral. 

■ In the posterior distal forearm and wrist, the tendons of 
the extensor digitomm (Fig. 7.118B) are in the midline 
and radiate into the index, middle, ring, and little fìngers 
from the wrist. 

The distal ends of the tendons of the extensor earpi 
radialis longus and brevis muscles are on the lateral side 
of the wrist (Fig. 7.1 1 8t. ') and ean be accentuated by 
making a tight fìst and extending the wrist against 
resistanee. 

The tendon of the extensor earpi ulnaris ean be felt on 
the far medial side of the wrist between the distal end of 
the ulna and the wrist. 

Hyperextension and abduction of the thumb reveals the 
anatomieal snuffbox (Fig. 7.118D). The medial margin 
of this triangular area is the tendon of the extensor pol- 
lieis longus, which swings around the dorsal tubercle of 
the radius and then travels into the thumb. The lateral 
margin is formed by the tendons of the extensor pollieis 
brevis and abductor pollieis longus. The radial artery 
passes through the anatomieal snuffbox when traveling 
laterally around the wrist to reaeh the baek of the hand 
and penetrate the base of the fìrst dorsal interosseous 
muscle to aeeess the deep aspeet of the palm of the 
hand. The pulse of the radial artery ean be felt in the 
floor of the anatomieal snuffbox in the relaxed wrist. 
The eephalie vein erosses the roof of the anatomieal 
snuffbox, and cutaneous branehes of the radial nerve 
ean be felt by moving a fìnger baek and forth along the 
tendon of the extensor pollieis longus muscle. 

Normal appearanee of the hand 

In the resting position, the palm and digits of the hand 

have a eharaeteristie appearanee. The fìngers form a flexed 

areade, with the little fìnger flexed the most and the index 

fìnger flexed the least (Fig. 7.119A). The pad of the thumb 

is positioned at a 90° angle to the pads of the fingers. 


Thenar emínenee 
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Fig. 7.119 Normal appearanees of the hand. A. Palmar view with 
the thenar and hypothenar eminenees and finger areade. B. 
Dorsal view with dorsal venous network. 


A thenar eminenee occurs at the base of the thumb and 
is formed by the underlying thenar muscles. A similar 
hypothenar eminenee occurs along the medial margin of 
the palm at the base of the little finger. The appearanee of 
the thenar and hypothenar eminenees, and the positions 
of the fingers ehange when the ulnar and median nerves 
are eompromised. 

Major superficial veins of the upper limb begin in the 
hand from a dorsal venous network (Fig. 7.119B), which 
overlies the metaearpals. The basilie vein originates from 
the medial side of the network and the eephalie vein origi- 
nates from the lateral side. 
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llpper Limb 


Position of the flexor retinaculum 
and the recurrent braneh of 
the median nerve 

The proximal margin of the flexor retinaculum ean be 
determined using two bony landmarks. 

The pisiform bone is readily palpable at the distal end of 
the flexor earpi ulnaris tendon. 

The tubercle of the seaphoid ean be palpated at the 
distal end of the flexor earpi radialis tendon as it enters 
the wrist (Fig. 7.120). 

An imaginary line between these two points marks the 
proximal margin of the flexor retinaculum. The distal 
margin of the flexor retinaculum is approximately deep to 
the point where the anterior margin of the thenar emi- 
nenee meets the hypothenar eminenee near the base of the 
palm. 


The recurrent braneh of the median nerve lies deep to 
the skin and deep faseia overlying the anterior margin of 
the thenar eminenee near the midline of the palm. 

Motor function of the median and ulnar 
nerves in the hand 

The ability to flex the metaearpophalangeal joints while at 
the same time extending the interphalangeal joints of the 
fìngers is entirely dependent on the intrinsie muscles of 
the hand (Fig. 7.121A). These imiseles are mainly inner- 
vated by the deep braneh of the ulnar nerve, which earries 
fìbers from spinal eord level (C8)T1. 

Adducting the fìngers to grasp an objeet plaeed between 
them is caused by the palmar interossei muscles, which are 
innervated by the deep braneh of the ulnar nerve earrying 
fìbers from spinal eord level (C8)T1. 

The ability to grasp an objeet between the pad of the 
thumb and the pad of one of the fìngers depends on normal 


Thenar eminenee 


Tubercle of 
the seaphoid 


Flexor earpi 
íalis tendon 



Median nerve 


Flexor earpi 
ulnaris tendon 


Pisiform 


braneh of 



Hypothenar eminenee 


Flexor retinaculum 


Fig. 7.120 Anterior hand to show the position 
of the flexor retinaculum and recurrent braneh 
of the median nerve. 



Fig. 7.121 Motor function of the ulnar and median nerves in the hand. A. Flexing the metaearpophalangeal joints and extending the 
interphalangeal joints: the “ta-ta” position. B. Grasping an objeet between the fingers. C. Grasping an objeet between the pad of the thumb 
and pad of the index finger. 
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fiinetioning of the thenar muscles, which are innervated 
by the recurrent braneh of the median nerve earrying 
fibers from spinal eord level C8(T1). 

Visualizing the positions of the superfìcial 
and deep palmar arehes 

The positions of the superficial and deep palmar arehes in 
the hand ean be visualized using bony landmarks, muscle 
eminenees, and skin ereases (Fig. 7.122). 

The superficial palmar areh begins as a continuation of 
the ulnar artery, which lies lateral to the pisiform bone 
at the wrist. The areh curves laterally aeross the palm 
anterior to the longflexor tendons in the hand. The areh 
reaehes as high as the proximal transverse skin erease 
of the palm and terminates laterally by joining a vessel 
of variable size, which erosses the thenar eminenee 
from the radial artery in the distal forearm. 

■ The deep palmar areh originates on the lateral side 
of the palm deep to the long flexor tendons and between 
the proximal ends of metaearpals I and II. It arehes 
medially aeross the palm and terminates by joining the 
deep braneh of the ulnar artery, which passes through 
the base of the hypothenar muscles and between the 
pisiform and hook of the hamate. The deep palmar areh 
is more proximal in the hand than the superficial palmar 
areh and lies approximately one-half of the distanee 
between the distal wrist erease and the proximal trans- 
verse skin erease of the palm. 


Pulse points 

Peripheral pulses ean be felt at six loeations in the upper 

limb (Fig. 7.123). 

Axillary pulse: axillary artery in the axilla lateral to the 
apex of the dome of skin eovering the floor of the axilla. 
Braehial pulse in midarm: braehial artery on the medial 
side of the arm in the eleft between the bieeps braehii 
and trieeps braehii muscles. This is the position where a 
blood pressure cuff is plaeed. 

Braehial pulse in the cubital fossa: braehial artery 
medial to the tendon of the bieeps braehii muscle. This 
is the position where a stethoseope is plaeed to hear the 
pulse of the vessel when taking a blood pressure reading. 

■ Radial pulse in the distal forearm: radial artery immedi- 
ately lateral to the tendon of the flexor earpi radialis 
muscle. This is the most eommon site for “taking a 
pulse.” 

■ IJlnar pulse in the distal forearm: ulnar artery immedi- 
ately under the lateral margin of the flexor earpi ulnaris 
tendon and proximal to the pisiform. 

Radial pulse in the anatomieal snuffbox: radial artery as 
it erosses the lateral side of the wrist between the tendon 
of the extensor pollieis longus muscle and the tendons 
of the extensor pollieis brevis and abductor pollieis 
longus muscles. 



D ista 11 ra n sve rs e 
skin erease of pa!m 


Proximal transverse 
skin erease of pairr 


Distal wrist erease 


Proximal 

wrist erease 


Lllnar artery 

Pisiform 


Superficial palmar areh 

Deep palmar areh 

Hook of hamate 


Fig. 7.122 Visualizing the positions of the superficial and deep palmar arehes. The proximal transverse skin erease of the palm and distal 
wrist erease are labeled and the superficial and deep palmar arehes shown in overlay. This also shows the position of the pisiform and the 
hook of the hamate. 
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Radial pulse in the anatomieal snuffbox 
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Fig. 7.123 Where to take peripheral artery pulses in the upper limb. A. Pulse points. B. Plaeement of blood pressure cuff and stethoseope. 
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Ginieal eases 


Case 1 

SHOULDER PROBLEM AFTER FALLING ON 
AN OUTSTRETCHED HAND 

A 45-year-old man eame to his physieian eomplaining 
of pain and weakness in his right shoulder. The pain 
began after a fall on his oiitstretehed hand 
approximately 6 months previoiisly. The patient 
reealled having some minor shoulder tenderness 
but no other speeifìe symptoms. He was otherwise 
fìt and well. 

On examination of the shoulder, there was marked 
wasting of the muscles in the supraspinous and 
infraspinous fossae. The patient found initiation 
of abduction diffìcult and there was a weakness 
of lateral rotation of the humerus. 

The wasted muscles were the supraspinatus and 
infraspinatus. The cause of the muscle wasting 
wasdisuse. 

Muscle atrophy (wasting) occurs through a variety of 
disorders. Disuse atrophy is one of the most eommon 
causes. Examples of disuse atrophy include the loss of 
muscle bulk after fracture immobilization in a plaster east. 


The opposite effeet ean also be demonstrated—when 
muscles are ovemsed they beeome bulkier (hypertrophy). 

The supraspinatus and infraspinatus muscles are supplied 
by the suprascapular nerve (C5, C6), which originates 
from the superior trunk of the braehial plexus. Given that 
only these muscles were involved, it is highly likely that 
the muscle atrophy is caused by denervation. 

Denervation may result from a direet nerve transeetion, 
nerve eompression, or a pharmaeologieal effeet on 
the nerve. 

The typieal site for eompression of the suprascapular 
nerve is the suprascapular noteh (foramen) on the 
superior margin of the scapula. 

The patient's apparently minor injury damaged the 
fibrocartilaginous glenoid labrum, which allowed 
a eyst to form and pass along the superior border 
of the scapula to the suprascapular noteh (foramen), 
where the eyst eompressed the suprascapular nerve. 

Surgical excision of the damaged glenoid labrum 
and removal of the eyst improved the patient's 
symptoms. 


Case 2 

VVINGED SCAPULA 

A 57-year-old woman underwent a right masteetomy 
for a breast eaneer. The surgical note reported that all 
of the breast tissue had been removed, including 
the axillary proeess. In addition, the surgeon had 
disseeted all lymph nodes within the axilla with their 
surrounding fat. The patient made an uneventful 
reeovery. 

At the first follow-up appointment, the patient's husband 
told the surgeon that she had now developed a bony 
"spike" on her baek. The surgeon was intrigued and asked 
the patient to reveal this spike. At examination, the spike 
was the inferior angle of the scapula 7 which appeared to 
be stieking out posteriorly ("winged"). Raising the arms 
accentuated this structure. 


The medial border of the scapula was accentuated 
and it was noted that there was some loss of bulk 
of the serratus anterior muscle, which attaehes to 
the tip of the scapula. 

The nerve to this muscle was damaged. 

During the surgery on the axilla 7 the long thoraeie nerve 
was damaged as it passed down the lateral thoraeie wall 
on the external surface of the serratus anterior, just deep 
to the skin and subcutaneous faseia. 

Because the nerve was transeeted, it is unlikely that the 
patient will improve, but she was happy that she had an 
adequate explanation for the spike. 
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Case 3 

BRACHIAL PLEXUS NERVE BLOCK 

A surgeon wished to earry out a complex procedure 
on a patient's wrist, and asked the anesthesiologist 
whether the whole arm could be numbed while the 
patient was awake. VVìthin 20 minutes the 
anesthesiologist had earried out the procedure after 
injeeting 10 mL of loeal anesthetie into the axilla. 

The surgeon went ahead with the operation 
and the patient did not feel a thing. 

The anesthetie was injeeted into the axillary sheath. 

It would be almost impossible to anesthetize the wrist in 
the forearm because loeal anesthetie would have to be 
plaeed accurately around the ulnar, median, and radial 
nerves. Furthermore 7 all of the cutaneous branehes of the 
forearm would also have to be anesthetized individually, 
which would take a eonsiderable amount of time and 
probably produce subtotal anesthesia. 

The nerves of the upper limb originate from the braehial 
plexus, which surrounds the axillary artery within 
the axilla. Importantly, the axillary artery, axillary vein, 


and braehial plexus lie within the sleeve-like eovering 
of faseia termed the axillary sheath. By injeeting 
the anesthetie into the spaee enelosed by the axillary 
sheath, all of the nerves of the braehial plexus 
were paralyzed. 

It is possible with a patient's arm abducted and externally 
rotated (palm behind the head) to easily palpate the 
axillary artery and therefore loeate the position of the 
axillary sheath. Onee the axillary artery has been 
identified, a small needle ean be plaeed beside the vessel 
and loeal anesthetie ean be injeeted on both sides of it. 
The loeal anesthetie traeks along the axillary sheath in 
this region. The braehial plexus surrounding the axillary 
artery is therefore eompletely anesthetized and an 
effeetive loeal anesthetie "bloek" is aehieved. 

"Could there be any eomplieations?" asks the patient. 

Potential eomplieations are a direet needle spike of the 
branehes of the braehial plexus, damage to the axillary 
artery, and inadvertent arterial injeetion of the loeal 
anesthetie. Fortunately, these are rare in skilled hands. 


Case 4 

COMPLICATION OF A FRACTURED FIRST RIB 

A 25-year-old woman was involved in a motor vehiele 
aeeident and thrown from her motoreyde. When she 
was admitted to the emergeney room, she was 
unconscious. A series of tests and investigations were 
performed, one of which included ehest radiography. 
The attending physieian noted a complex fracture 
of the first rib on the left. 

Many important structures that supply the upper limb 
pass over rib I. 

It is important to test the nerves that supply the arm and 
hand, although this is extremely difficult to do in an 
unconscious patient. However, some muscle reflexes ean 
be determined using a tendon hammer. Also, it may be 
possible to test for pain reflexes in patients with altered 
consciousness levels. Palpation of the axillary artery, 
braehial artery, radial artery, and ulnar artery pulses 
is neeessary because a fracture of the fìrst rib ean sever 
and denude the subclavian artery, which passes over it. 


A ehest drain was immediately inserted because the lung 
had eollapsed. The fractured first rib had damaged the 
viseeral and parietal pleurae, allowing airfrom a torn lung 
to eseape into the pleural eavity.The lung eollapsed, and 
the pleural eavity filled with air, which impaired lung 
function. 

A tube was inserted between the ribs, and the air was 
sucked out to re-inflate the lung. 

The first rib is a deep structure at the base of the neek. 

It is not uncommon for ribs to be broken after minor 
injuries 7 including sports injuries. However, rib I, which 
lies at the base of the neek, is surrounded by muscles and 
soft tissues that provide it with eonsiderable proteetion. 
Therefore a patientwith a fracture of the first rib has 
undoubtedly been subjected to a eonsiderable foree, 
which usually occurs in a deeeleration injury. 

Other injuries should always be sought and the patient 
should be managed with a high level of eoneern for deep 
neekand mediastinal injuries. 
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Case 5 

MEDIAN NERVE COMPRESSION 

A 35-year-old woman eomes to her physieian 
eomplaining of tingling and numbness in the 
fìngertips of the fìrst, seeond, and third digits (thumb, 
index, and middle fìngers). The symptoms were 
provoked by arm extension. Loeal anesthesia was also 
present around the base of the thenar eminenee. 

The problem was diagnosed as median nerve 
eompression. 

The median nerve is formed from the lateral and medial 
eords of the braehial plexus anterior to the axillary artery 
and passes into the arm anterior to the braehial artery. 

At the level of the elbow joint it sits medial to the 
braehial artery, both of which are medial to the tendon of 
the bieeps. In the forearm the nerve courses through the 
anterior eompartment and passes deep to the flexor 
retinaculum. It innervates most of the muscles of the 
forearm, the thenar moseles, the two lateral lombrieals, 
and the skin over the palmar surface of the lateral three 
and one-half digits and over the lateral side of the palm 
and the middle of the wrist. 

In this patient, the median nerve initially was believed to 
be trapped below the flexor retinaculum (earpal tunnel 
syndrome). 

Carpal tunnel syndrome is a eommon problem in young 
to middle-aged patients. Typieally the nerve beeomes 
eompressed within the earpal tunnel. This syndrome may 
be assoeiated with a number of medieal eonditions, such 
as thyroid disease and pregnaney. Oeeasionally a small 


ganglion or a tumor situated within the earpal tunnel 
ean also eompress the nerve. Other possibilities include 
tenosynovitis in patients with rheumatoid arthritis. 

Nerve conduction studies were performed to eonfirm 
the elinieal findings. Nerve conduction studies are a series 
ofteststhat send small eleetrieal impulses along the 
length of a variety of nerves in order to measure the 
speed at which the nerve conducts these pulses. The 
speed of the nerve pulse ean be measured and is referred 
to as the lateney. In our patient it was noted that the 
nerve had normal lateney to the elbow joint; however, 
below the elbow joint there was inereased lateney. 

The nerve conduction studies indieated that the 
eompression site was at the elbow joint. 

The elinieal findings are not eonsistent with earpal tunnel 
syndrome. The elinieian should have been alerted to this 
problem given that the patient experienced numbness 
over the thenar eminenee of the hand. This clue indieates 
an understanding of the anatomy. Compression of the 
nerve within the earpal tunnel does not produce this 
numbness, because the small cutaneous braneh that 
supplies this region is proximal to the flexor retinaculum. 

The nerve eompromise was caused by the ligament of 
Struthers r which is an embryologieal remnant of the 
eoraeobraehialis muscle. It is an extremely rare fìnding. 
Oeeasionally it may ossify and eross the nerve, artery, and 
vein to produce eompression in arm extension. Although 
this is very rare and unusual, it illustrates the complex 
course of the median nerve. 


Case 6 

IMMOBILIZING THE EXTENSOR DIGITORLJM MUSCLE 

After a hard day's studying, two medieal students 
deeided to meet for eoffee. The more senior student 
said to the freshman that he would bet him $50 that 
he could not lift a matehbook with a fìnger. The 
freshman plaeed $50 on the table and the bet was on. 
The senior medieal student told the freshman to make 
a fìst and plaee it in a palm-downward position, so 
that the middle phalanges of the fìngers were in direet 
eontaet with the bar counter. He was then told to 
extend his middle fìnger so that it stuck forward while 
maintaining the middle phalanges of the index fìnger, 
the ring fìnger, and the little fìnger on the bar surface. 


Extension of the index, middle, ring, and little fìngers is 
performed by the extensor digitorum muscle. 

Plaeing the fist in a palm-down position on the table 
and pressing the middle phalanges onto the table 
effeetively immobilizes the aetion of the extensor 
digitorum. The freshman was therefore unable to elevate 
his middle fìnger (which was stieking out). It is important 
to remember that if this same procedure is earried out 
leaving the index or little fìnger free to move, they do. 
This is because these two digits are extended not only 
by the extensor digitomm muscle but also by the 
extensor indieis muscle (index finger) and extensor digiti 
minimi muscle (little finger). 


A matehbook was plaeed on top of the freshman's 
middle fìngernail and he was told to flip it. He 
couldn't. He lost the $50. 
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Case 7 

TORN SUPRASPINATUS TENDON 

A 70-year-old woman eame to an orthopedie surgeon 
with right shoulder pain and failure to initiate 
abduction of the shoulder. Further examination 
revealed loss of muscle bulk in the supraspinous 
fossa. The supraspinatus muscle was damaged. 

Abduction of the humerus at the glenohumeral joint is 
initiated by the supraspinatus muscle. After the shoulder 
has been abducted to 10°-15°, the deltoid muscle 
continues the movement. The patient was able to abduct 
her arm by lowering and tilting the glenohumeral joint 
inferiorly to enable the deltoid to obtain its meehanieal 
advantage. 

The loss of muscle bulk in the supraspinous fossa 
suggested muscle atrophy. 

Muscle atrophy occurs when a muscle is not used. 

The orthopedie surgeon thought that there was a tear 
of the supraspinatus tendon beneath the aeromion. 

If this was so r the muscle would atrophy. 

The diagnosis was eonfirmed by ultrasound sean. 

The patient was seated on a stool and her right shoulder 
was uncovered. The patient's hand was plaeed over her 


right buttock, a position that aets to externally rotate and 
extend the shoulder 7 exposing the supraspinatus tendon 
for ultrasound sean examination. The ultrasound revealed 
a eompletely torn tendon with fluid in the subacromial 
subdeltoid bursa ( : ig. 7.124).The patient underwent 
a surgical repair and made a good reeovery. 


Deltoid muscle 



Head oí humerus 


Head of humerus 


Tear in supraspinatus tendon Normal supraspinatus tendon 


Fig. 7.124 Ultrasound showing a eompletely torn 
supraspinatus tendon with fluid in the subacromial 
subdeltoid bursa. 
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Case 8 

HOWTO EXAMINE THE HAND 

A resident was asked to earry out a elinieal 
assessment of a patient's hand. He examined 
the following: 

Musculoskeletal system 

The musculoskeletal system includes the bones, joints, 
moseles, and tendons. The resident looked for 
abnormalities and muscle wasting. Knowing which areas 
are wasted identifies the nerve that supplies them. 

She palpated the individual bones and palpated the 
seaphoid with the wrist in ulnar deviation. She examined 
the movement of joints because they may be restrieted 
by joint disease or inability of muscular eontraetion. 

Circulation 

Palpation of both radial and ulnar pulses is neeessary. The 
resident looked for eapillary return to assess how well the 
hand was perfused. 

Examination of the nerves 

The three main nerves to the hand should be tested. 
Median nerve 

The median nerve innervates the skin on the palmar 
aspeet of the lateral three and one-half digits, the dorsal 
aspeet of the distal phalanx, half of the middle phalanges 
of the same fingers, and a variable amount on the radial 
side of the palm of the hand. Median nerve damage 


results in wasting of the thenar eminenee, absenee 
of abduction of the thumb, and absenee of opposition 
of the thumb. 

illnar nerve 

The ulnar nerve innervates the skin of the anterior 
and posterior surfaces of the little finger and the ulnar 
side of the ring fìnger, the skin over the hypothenar 
eminenee, and a similar strip of skin posteriorly. 
Sometimes the ulnar nerve innervates all the skin 
of the ring finger and the ulnar side of the middle fìnger. 

An ulnar nerve palsy results in wasting of the hypothenar 
eminenee, absent flexion of the distal interphalangeal 
joints of the little and ring fingers, and absent abduction 
and adduction of the fingers. Adduction of the thumb 
also is affeeted. 

Radial nerve 

The radial nerve innervates a small area of skin over 
the lateral aspeet of metaearpal I and the baek of the first 
web spaee. 

The radial nerve also produces extension of the wrist and 
extension of the metaearpophalangeal and 
interphalangeal joints and of the digits. 

A very simple examination would include tests for 
the median nerve by opposition of the thumb, for the 
ulnar nerve by abduction and adduction of the digits, 
and for the radial nerve by extension of the wrist and 
fingers and feeling on the baek of the first web spaee. 
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Case 9 

SHOULDER JOINT PROBLEM 

A 35-year-old baseball piteher eame to the elinie with 
a history of a recurrent disloeation of the shoulder 
(Fig. 7.125). An MRI sean was performed to assess 
the shoulder joint prior to any treatment. 

The MRI demonstrates the anatomieal structures 
in multiple planes, allowing the physieian to obtain 
an overview of the shoulder and to assess any 
intraarticular or extraarticular structures that may have 
been damaged and require surgical repair. 

The MRI demonstrated a divot in the posterosuperior 
aspeet of the humeral head and a small fragment of bone 
and glenoid labrum that had beeome separated in the 
anteroinferior aspeet of the glenoid eavity. 

Shoulder disloeation is not an uncommon problem 
and may occur as a "onee-off" or with repetitive injury 
may be recurrent. Recurrent disloeations may be bilateral 
and symmetrieal (a memory aid is "torn loose or 
born loose"). 

The MRI findings are typieal for an anteroinferior 
disloeation, which is the most eommon type; moreover 
the MRI demonstrates the injuries that occur within the 
joint at the time of disloeation. These injuries include the 
abutment of the posterosuperior aspeet of the humeral 
head on the anteroinferior aspeet of the glenoid eavity. 
This type of injury, when recurrent, may avulse a small 
fragment of the glenoid labrum, and in some eases this 
may attaeh to a small fragment of bone (the Bankart 
lesion). When the shoulder is reloeated, the integrity 
of the capsular attaehment anteroinferiorly has been 
disrupted r potentially making the shoulder somewhat 
prone to further disloeation. 

An arthroseopie repair was performed. 

Arthroseopy of the shoulder is an established method for 
assessing the shoulder joint. Portals of entry are anterior 


and posterior and small holes in the capsule are made 
percutaneously. The shoulder joint is filled with saline, 
which distends it, allowing the arthroseope to move 
around the joint and inspeet the joint surfaces, including 
the labrum. The labrum and its bony fragment were 
reattaehed and sutured using anehor sutures (somewhat 
similar to staples). The anterior aspeet of the capsule was 
also tightened. 

The patient made an uneventful reeovery. 

After the procedure the arm was held in internal rotation 
and remained adducted. Gentle exercise and 
physiotherapy were performed and the patient returned 
to playing baseball. 



Fig. 7.125 The radiograph, anteroposterior view, demonstrates 
an anteroinferior disloeation of the hiimeral head at the 
glenohiimeral joint. 
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Roof—palate 1105 
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Oropharyngeal isthmus 1114 
Teeth and gingivae 1114 
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Head and neek surface anatomy 1120 
Anatomieal position of the head and major 
landmarks 1120 

Visualizing structures at the CIII/CIV and CVI 
vertebral levels 1121 
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How to loeate the erieothyroid ligament 1123 
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Major features of the faee 1125 

The eye and laerimal apparatus 1126 
External ear 1127 

Pulse points 1128 

dinieal eases 1129 


Conceptual overview 

GENERAL DESCRIPTION 


The head and neek are anatomieally complex areas of 
the body. 

Head 

Major eonripartments 

The head is eomposed of a series of eompartments, which 
are formed by bone and soft tissues. They are: 

the eranial eavity, 

■ two ears, 
two orbits, 

■ two nasal eavities, and 
an oral eavity (Fig. 8.1). 

The eranial eavity is the largest eompartment 
and eontains the brain and assoeiated membranes 
(meninges). 

Most of the ear apparatus on eaeh side is eontained 
within one of the bones forming the floor of the eranial 
eavity. The external parts of the ears extend laterally from 
these regions. 

The two orbits eontain the eyes. They are eone-shaped 
ehambers immediately inferior to the anterior aspeet of the 


eranial eavity, and the apex of eaeh eone is direeted pos- 
teromedially. The walls of the orbits are bone, whereas the 
base of eaeh eonieal ehamber ean be opened and elosed by 
the eyelids. 

The nasal eavities are the upper parts of the respira- 
tory traet and are between the orbits. They have walls, 
floors, and eeilings, which are predominantly eomposed of 
bone and eartilage. The anterior openings to the nasal 
eavities are nares (nostrils), and the posterior openings 
are ehoanae (posterior nasal apertures). 

Continuous with the nasal eavities are air-fìlled 
extensions (paranasal sinuses), which projeet laterally, 
superiorly, and posteriorly into surrounding bones. 
The largest, the maxillary sinuses, are inferior to the 
orbits. 

The oral eavity is inferior to the nasal eavities, and 
separated from them by the hard and soft palates. The 
floor of the oral eavity is formed entirely of soft tissues. 

The anterior opening to the oral eavity is the oral 
fissure (mouth), and the posterior opening is the oropha- 
ryngeal isthmus. Unlike the nares and ehoanae, which 
are continuously open, both the oral fìssure and oropha- 
ryngeal isthmus ean be opened and elosed by surrounding 
soft tissues. 
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Fig. 8.1 Major eompartments of the head and neek. 


Other anatomieally defìned regions 

In addition to the major eompartments of the head, two 
other anatomieally defined regions (infratemporal fossa 
and pterygopalatine fossa) of the head on eaeh side are 
areas of transition from one eompartment of the head to 
another (Fig. 8 . 2 ). Thefaeeand sealp also are anatomieally 
defined areas of the head and are related to external 
surfaces. 

The infratemporal fossa is an area between the pos- 
terior aspeet (ramus) of the mandible and a flat region of 
bone (lateral plate of the pterygoid proeess) just posterior 
to the upper jaw (maxilla). This fossa, bounded by bone and 
soft tissues, is a conduit for one of the major eranial 
nerves—the mandibular nerve (the mandibular division of 
the trigeminal nerve [V 3 ]), which passes between the 
eranial and oral eavities. 

The pterygopalatine fossa on eaeh side is just poste- 
rior to the upper jaw. This small fossa communicates with 
the eranial eavity, the infratemporal fossa, the orbit, the 
nasal eavity, and the oral eavity. A major structure passing 
through the pterygopalatine fossa is the maxillary nerve 
838 (the maxillary division of the trigeminal nerve [V 2 ]). 
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Fig.8.2 Areas of transition from one eompartment of the head 
to another. 






































Conceptual overview • General Deseription 


8 



Sealp 


Orbicularìs oculi 


Orbieylaris oris 


Faee 



Fig. 8.3 Muscles of the faee. 


The faee is the anterior aspeet of the head and eontains 
a unique group of muscles that move the skin relative to 
underlying bone and eontrol the anterior openings to the 
orbits and oral eavity (Fig. 8.3). 

The sealp eovers the superior, posterior, and lateral 
regions of the head (Fig. 8.3). 

Neek 

The neek extends from the head above to the shoulders 
and thorax below (Fig. 8.4). Its superior boundary is along 
the inferior margins of the mandible and bone features on 
the posterior aspeet of the skull. The posterior neek is 
higher than the anterior neek to eonneet eervieal viseera 
with the posterior openings of the nasal and oral eavities. 

The inferior boundary of the neek extends from the top 
of the sternum, along the elaviele, and onto the adjaeent 
aeromion, a bony projeetion of the scapula. Posteriorly, the 
inferior limit of the neek is less well defined, but ean be 
approximated by a line between the aeromion and the 
spinous proeess of vertebra CVII, which is prominent and 
easily palpable. The inferior border of the neek eneloses the 
base of the neek. 


Superior nuchal line 



^ sa, i f • r \ 

eiaviele Manubrium of sternum Aeromion 

Fig.8.4 Boundaries of the neek. 
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Head and Neek 


Compartments 

The neek has four major eompartments (Fig. 8.5), which 
are enelosed by an outer musculofascial eollar: 

The vertebral eompartment eontains the eervieal verte- 
brae and assoeiated postural muscles. 

The viseeral eompartment eontains important glands 
(thyroid, parathyroid, and thymus), and parts of the 
respiratory and digestive traets that pass between the 
head and thorax. 

The two vascular eompartments, one on eaeh side, 
eontain the major blood vessels and the vagus nerve. 

Larynx and pharynx 

The neek eontains two speeialized structures assoeiated 
with the digestive and respiratory traets—the larynx and 
pharynx. 

The larynx (Fig. 8.6) is the upper part of the lower 
airway and is attaehed below to the top of the traehea and 
above, by a flexible membrane, to the hyoid bone, which in 
turn is attaehed to the floor of the oral eavity. A number of 
eartilages form a supportive framework for the larynx, 
which has a hollow eentral ehannel. The dimensions of 


Viseeral eompartment 
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(investing faseia) 


Anterior 


Vascular 

eompartment 



Posterior 

Vertebral eompartment 
Fig. 8.5 Major eompartments of the neek. 
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Fig. 8.6 Speeialized structures of the neek. A. Conceptual view. B. Anatomieal view. 
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this eentral ehannel ean be adjusted by soft tissue struc- 
tures assoeiated with the laryngeal wall. The most impor- 
tant of these are two lateral voeal folds, which projeet 
toward eaeh other from adjaeent sides of the laryngeal 
eavity. The upper opening of the larynx (laryngeal inlet) 
is tilted posteriorly, and is continuous with the pharynx. 

The pharynx (Fig. 8.6) is a ehamber in the shape of a 
half-eylinder with walls formed by muscles and faseia. 
Above, the walls are attaehed to the base of the skull, and 
below to the margins of the esophagus. On eaeh side, the 
walls are attaehed to the lateral margins of the nasal eavi- 
ties, the oral eavity, and the larynx. The two nasal eavities, 
the oral eavity, and the larynx therefore open into the ante- 
rior aspeet of the pharynx, and the esophagus opens 
inferiorly. 

The part of the pharynx posterior to the nasal eavities 
is the nasopharynx. Those parts posterior to the oral 
eavity and larynx are the oropharynx and laryngophar- 
ynx, respeetively. 

FUNCTIONS 

Proteetion 

The head houses and proteets the brain and all the reeeptor 
systems assoeiated with the speeial senses—the nasal eavi- 
ties assoeiated with smell, the orbits with vision, the ears 
with hearing and balanee, and the oral eavity with taste. 

Contains upper parts of respiratory 
and digestive traets 

The head eontains the upper parts of the respiratory and 
digestive systems—the nasal and oral eavities—which 


have structural features for modifying the air or food 
passing into eaeh system. 


The head and neek are involved in communication. Sounds 
produced by the larynx are modified in the pharynx and 
oral eavity to produce speeeh. In addition, the muscles of 
faeial expression adjust the contours of the faee to relay 
nonverbal signals. 

Positioning the head 

The neek supports and positions the head. Importantly, it 
enables an individual to position sensory systems in the 
head relative to environmental cues without moving the 
entire bodv. 


The neek eontains speeialized structures (pharynx and 
larynx) that eonneet the upper parts of the digestive and 
respiratory traets (nasal and oral eavities) in the head, with 
the esophagus and traehea, which begin relatively low in 
the neek and pass into the thorax. 


Connects the upper and lower respiratory 
and digestive traets 


Communication 
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COMPONENT PARTS 
Skiill 

The many bones of the head eolleetively form the skull (Fig. 
8.7 A). Most of these bones are intereonneeted by sutures, 
which are immovable fibrous joints (Fig. 8.7B). 

In the fetus and newborn, large membranous and unos- 
sified gaps (fontanelles) between the bones of the skull, 
particularly between the large flat bones that eover the top 
of the eranial eavity (Fig. 8.7C), allow: 

the head to deform during its passage through the birth 
eanal, and 
■ postnatal growth. 


Most of the fontanelles elose during the first year of life. 
Full ossifieation of the thin eonneetive tissue ligaments 
separating the bones at the suture lines begins in the late 
twenties, and is normally eompleted in the fifth deeade 
of life. 

There are only three pairs of synovial joints on eaeh side 
in the head. The largest are the temporomandibular joints 
between the lower jaw (mandible) and the temporal bone. 
The other two synovial joints are between the three tiny 
bones in the middle ear, the malleus, incus, and stapes. 
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Fig. 8.7 Skull. A. Bones. 
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Goronal suture 
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Fig. 8.7, eont’d Skull. B. Sutures. C. Fontanelles and lambdoid suture. 
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Cervical vertebrae 

The seven eervieal vertebrae form the bony framework of 
the neek. 

Cervical vertebrae (Fig. 8.8A) are eharaeterized by: 
small bodies, 

bifid spinous proeesses, and 


transverse proeesses that eontain a foramen (foramen 
trans versarium). 

Together the foramina transversaria form a longitudi- 
nal passage on eaeh side of the eervieal vertebral eohimn 
for blood vessels (vertebral artery and veins) passing 
between the base of the neek and the eranial eavity. 


Supenor artìcular faeet 
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Foramen transversariam 
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of posterior longitudinal ligament) 
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Fig. 8.8 Cervical vertebrae. A. Typieal features. B. Atlas—vertebra Cl (superior view). C. Axis—vertebra Cll (anterior view). D. Atlas and axis 
(anterolateral view). E. Atlanto-oeeipital joint (posterior view). 
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The typieal transverse proeess of a eervieal vertebra also 
has anterior and posterior tuberclesfor muscle attaeh- 
ment. The anterior tubercles are derived from the same 
embryologieal elements that give rise to ribs in the thoraeie 
region. Oeeasionally, eervieal ribs develop from these ele- 
ments, partieiilarly in assoeiation with the lower eervieal 
vertebrae. 

The upper two eervieal vertebrae (CI and CII) are 
modified for moving the head (Fig. 8.8B-E; see also 

Chapter 2). 

Hyoid bone 

The hyoid bone is a small U-shaped bone (Fig. 8.9A) ori- 
ented in the horizontal plane just superior to the larynx, 
where it ean be palpated and moved from side to side. 


The body of the hyoid bone is anterior and forms the 
base of the U. 

The two arms of the U (greater horns) projeet posteri- 
orly from the lateral ends of the body. 

The hyoid bone does not articulate direetly with any 
other skeletal elements in the head and neek. 

The hyoid bone is a highly movable and strong bony 
anehor for a number of muscles and soft tissue structures 
in the head and neek. Signifieantly, it is at the interfaee 
between three dynamie eompartments: 

■ Superiorly, it is attaehed to the floor of the oral eavity. 

■ Inferiorly, it is attaehed to the larynx. 

■ Posteriorly, it is attaehed to the pharynx (Fig. 8.9B). 




Greater horn 
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Middle pharyngeat 
eonstrietor muscle 

Epiglottìs 


Fig. 8.9 Hyoid. A. Bone. B. Attaehments. 
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Soft palate 

The soft palate is a soft tissue flap-like structure “hinged” 
to the baek of the hard palate (Fig. 8.10A) with a free pos- 
terior margin. It ean be elevated and depressed by muscles 

(Fig. 8.10B). 

The soft palate and assoeiated structures ean be elearly 
seen through an open mouth. 

Musdes 

The skeletal muscles of the head and neek ean be grouped 
on the basis of function, innervation, and embryologieal 
derivation. 

In the head 

The muscle groups in the head include: 

the extra-ocular muscles (move the eyeball andopen the 
upper eyelid), 

muscles of the middle ear (adjust the movement of the 
middle ear bones), 


muscles of faeial expression (move the faee), 

■ imiseles of mastieation (move the jaw—temporo- 
mandibular joint), 

muscles of the soft palate (elevate and depress the 
palate), and 

muscles of the tongue (move and ehange the contour of 
the tongue). 

In the neek 

In the neek, major muscle groups include: 

■ imiseles of the pharynx (eonstriet and elevate the 
pharynx), 

■ nmseles of the larynx (adjust the dimensions of the air 
pathway), 

strap muscles (position the larynx and hyoid bone in the 
neek), 

muscles of the outer eervieal eollar (move the head and 
upper limb), and 

postural muscles in the muscular eompartment of the 
neek (position the neek and head). 
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Fig. 8.10 Soft palate. A. Position. B. Muscles. 
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RELATIONSHIP TO OTHER REGIONS 
Thorax 

The superior thoraeie aperture (thoraeie inlet) opens 
direetly into the base of the neek (Fig. 8.11). Structures 
passing between the head and thorax pass up and down 
through the superior thoraeie aperture and the viseeral 
eompartment of the neek. At the base of the neek, the 
traehea is immediately anterior to the esophagus, which is 
direetly anterior to the vertebral column. There are major 
veins, arteries, and nerves anterior and lateral to the 
traehea. 


Upper limbs 

There is an axillary inlet (gateway to the upper limb) on 
eaeh side of the superior thoraeie aperture at the base of 
the neek (Fig. 8.11): 

■ Structures such as blood vessels pass over rib I when 
passing between the axillary inlet and thorax. 

Cervical eomponents of the braehial plexus pass direetly 
from the neek through the axillary inlets to enter the 
upper limb. 
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Fig.8.11 Superior thoraeie aperture and axillary inlets. 
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KEYFEATURES 

Vertebral levels CIII/IV and CV/VI 

In the neek, the two important vertebral levels (Fig. 
8.12) are: 

between CIII and CIV, at approximately the superior 
border of the thyroid eartilage of the larynx (which ean 
be palpated) and where the major artery on eaeh side of 
the neek (the eommon earotid artery) bifurcates into 
internal and external earotid arteries; and 


between CV and CVI, which marks the lower limit of 
the pharynx and larynx, and the superior limit of the 
traehea and esophagus—the indentation between the 
erieoid eartilage of the larynx and the fìrst traeheal ring 
ean be palpated. 

The internal earotid artery has no branehes in the neek 
and aseends into the skull to supply much of the brain. It 
also supplies the eye and orbit. Other regions of the head 
and neek are supplied by branehes of the external earotid 
artery. 


Thyroid eartilage 
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Fig. 8.12 Important vertebral levels—CIII/CIV and CV/CVI. 
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Aírway in the neek 

The larynx (Fig. 8.13) and the traehea are anterior to the 
digestive traet in the neek, and ean be aeeessed direetly 
when upper parts of the system are bloeked. A erieothy- 
rotomy makes use of the easiest route of aeeess through 
the erieothyroid ligament (erieovoeal membrane, erieo- 
thyroid membrane) between the erieoid and thyroid 


eartilages of the larynx. The ligament ean be palpated in 
the midline, and usually there are only small blood vessels, 
eonneetive tissue, and skin (though oeeasionally, a small 
lobe of the thyroid gland—pyramidal lobe) overlying it. At 
a lower level, the airway ean be aeeessed surgically through 
the anterior wall of the traehea by traeheostomy. This 
route of entry is eomplieated because large veins and part 
of the thyroid gland overlie this region. 



Fig. 8.13 Larynx and assoeiated structures in the neek. 
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Cranial nerves 

There are twelve pairs of eranial nerves and their defining 
feature is that they exit the eranial eavity through foram- 
ina or fissures. 

All eranial nerves innervate structures in the head or 
neek. In addition, the vagus nerve [X] deseends through 
the neek and into the thorax and abdomen where it inner- 
vates viseera. 

Parasympathetie fibers in the head are earried out of the 
brain as part of four eranial nerves—the oculomotor nerve 


[iii], the faeial nerve [VII], the glossopharyngeal nerve 
[IX], and the vagus nerve [X] (Fig. 8.14). Parasympathetie 
fibers in the oculomotor nerve [III], the faeial nerve [VII], 
and the glossopharyngeal nerve [IX] destined for target 
tissues in the head leave these nerves, and are distributed 
with branehes of the trigeminal nerve [V]. 

The vagus nerve [X] leaves the head and neek to deliver 
parasympathetie fibers to the thoraeie and abdominal 
viseera. 
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Fig.8.14 Cranial nerves and parasympathetie innervation. 
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Cervical nerves 

There are eight eervieal nerves (C1 to C8): 

C1 to C7 emerge from the vertebral eanal above their 
respeetive vertebrae. 

C8 emerges between vertebrae CVII and TI (Fig. 8.15A). 

The anterior rami of C1 to C4 form the eervieal plexus. 
The major branehes from this plexus supply the strap 
muscles, the diaphragm (phrenie nerve), skin on the ante- 
rior and lateral parts of the neek, skin on the upper 


anterior thoraeie wall, and skin on the inferior parts of the 
head (Fig. 8.15B). 

The anterior rami of C5 to C8, together with a large 
eomponent of the anterior ramus of Tl, form the braehial 
plexus, which innervates the upper limb. 

Functional separation of the digestive 
and respiratory passages 

The pharynx is a eommon ehamber for the digestive and 
respiratory traets. Consequently, breathing ean take plaee 
through the mouth as well as through the nose, and 
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Fig. 8.15 Cervical nerves. A. Structure. B. Dermatomes. 
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material from the oral eavity ean potentially enter either 
the esophagus or the larynx. Importantly: 

The lower airway ean be aeeessed through the oral 
eavity by intubation. 

The digestive traet (esophagus) ean be aeeessed through 
the nasal eavity by feeding tubes. 


Normally, the soft palate, epiglottis, and soft tissue struc- 
tures within the larynx aet as valves to prevent food and 
liquid from entering lower parts of the respiratory traet 

(Fig. 8.16A). 

During normal breathing, the airway is open and air 
passes freely through the nasal eavities (or oral eavity), 
pharynx, larynx, and traehea (Fig. 8.16A). The himen of 
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Fig. 8.16 Larynx, soft palate, epiglottis, and oropharyngeal isthmus. A. Overall design. 
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Fig. 8.16, eont'd B. Normal breathing. C. Breathing with food or liquid in the oral eavity. D. Swallowing. E. In a newborn ehild. 


the esophagus is normally elosed because, unlike the 
airway, it has no skeletal support structures to hold it open. 

When the oral eavity is full of liquid or food, the soft 
palate is swung down (depressed) to elose the oropharyn- 
geal isthnms, thereby allowing manipulation of food and 
fluid in the oral eavity while breathing (Fig. 8.16C). 


When swallowing, the soft palate and parts of the 
larynx aet as valves to ensure proper movement of food 
from the oral eavity into the esophagus (Fig. 8.16D). 

The soft palate elevates to open the oropharyngeal 
isthmus while at the same time sealing off the nasal part 
of the pharynx from the oral part. This prevents food and 853 
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fluid from moving upward into the nasopharynx and nasal 
eavities. 

The epiglottis of the larynx eloses the laryngeal inlet 
and much of the laryngeal eavity beeomes occluded by 
opposition of the voeal folds and soft tissue folds superior 
to them. In addition, the larynx is pulled up and forward 
to faeilitate the moving of food and fluid over and around 
the elosed larynx and into the esophagus. 

In newborns, the larynx is high in the neek and the 
epiglottis is above the level of the soft palate (Fig. 8.16E). 
Babies ean therefore suckle and breathe at the same time. 
Liquid flows around the larynx without any danger of 
entering the airway. During the seeond year of life, the 
larynx deseends into the low eervieal position eharaeteris- 
tie of adults. 

Triangles of the neek 

The two muscles (trapezius and sternoeleidomastoid) that 
form part of the outer eervieal eollar divide the neek into 
anterior and posterior triangles on eaeh side (Fig. 8.17). 


The boundaries of eaeh anterior triangle are: 

the median vertieal line of the neek, 

the inferior margin of the mandible, and 

the anterior margin of the sternoeleidomastoid muscle. 

The posterior triangle is bounded by: 

the middle one-third of the elaviele, 

the anterior margin of the trapezius, and 

the posterior margin of the sternoeleidomastoid. 

Major structures that pass between the head and thorax 
ean be aeeessed through the anterior triangle. 

The posterior triangle in part lies over the axillary inlet, 
and is assoeiated with structures (nerves and vessels) that 
pass into and out of the upper limb. 
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Fig. 8.17 Anterior and posterior triangles of neek. 
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Regional anatomy 


SKULL 


The skull has 22 bones, excluding the ossieles of the ear. 
Except for the mandible, which forms the lower jaw, the 
bones of the skull are attaehed to eaeh other by sutures, 
are immobile, and form the cranium. 

The cranium ean be subdivided into: 

an upper domed part (the ealvaria), which eovers the 
eranial eavity eontaining the brain, 

■ a base that eonsists of the floor of the eranial eavity, and 
a lower anterior part—the faeial skeleton 

(viscerocranium). 

The bones forming the ealvaria are mainly the paired 
temporal and parietal bones, and parts of the unpaired 
frontal, sphenoid, and oeeipital bones. 


The bones forming the base of the cranium are mainly 
parts of the sphenoid, temporal, and oeeipital bones. 

The bones forming the faeial skeleton are the paired 
nasal bones, palatine bones, laerimal bones, zygomatie 
bones, maxillae and inferior nasal eonehae and the 
unpaired vomer. 

The mandible is not part of the cranium nor part of the 
faeial skeleton. 

Anterior view 

The anterior view of the skull includes the forehead supe- 
riorly, and, inferiorly, the orbits, the nasal region, the part 
of the faee between the orbit and the upper jaw, the upper 
jaw, and the lower jaw (Fig. 8.18). 
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Fig. 8.18 Anterior view of the skull. 
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Frontal bone 

The forehead eonsists of the frontal bone, which also 
forms the superior part of the rim of eaeh orbit (Fig. 8.18). 

Just superior to the rim of the orbit on eaeh side are the 
raised superciliary arehes. These are more pronounced 
in men than in women. Between these arehes is a small 
depression (the glabella). 

Clearly visible in the medial part of the superior rim of 
eaeh orbit is the supra-orbital foramen (supra-orbital 
noteh; Table 8.1). 

Medially, the frontal bone projeets inferiorly forming a 
part of the medial rim of the orbit. 

Laterally, the zygomatie proeess of the frontal bone 
projeets inferiorly forming the upper lateral rim of the 


Table 8.1 External foramina of the skull 

Foramen 

Structures passing through 
foramen 

ANTERIOR VIEW 


Supra-orbital foramen 

Supra-orbital nerve and vessels 

Infra-orbital foramen 

Infra-orbital nerve and vessels 

Mental foramen 

Mental nerve and vessels 

LATERAL VIE W 


Zygomatieofaeial foramen 

Zygomatieofaeial nerve 

SUPERIORVIEW 


Parietal foramen 

Emissary veins 

INFERIOR VIEW 


ineisive foramen 

Nasopalatine nerve; 
sphenopalatine vessels 

Greater palatine foramen 

Greater palatine nerve and vessels 

Lesser palatine foramen 

Lesser palatine nerves and vessels 

Pterygoid eanal 

Pterygoid nerve and vessels 

Foramen ovale 

Mandibular nerve [V 3 ]; lesser 
petrosal nerve 

Foramen spinosum 

Middle meningeal artery 

Foramen lacerum 

Filled with eartilage 

Carotid eanal 

Internal earotid artery and nerve 
plexus 

Foramen magnum 

Continuation of brain and spinal 
eord; vertebral arteries and nerve 
plexuses; anterior spinal artery; 
posterior spinal arteries; roots of 
aeeessory nerve [XI]; meninges 

Condylar eanal 

Emissary veins 

Hypoglossal eanal 

Hypoglossal nerve [XII] and vessels 

Jugular foramen 

Internal jugular vein; inferior 
petrosal sinus; glossopharyngeal 
nerve [IX]; vagus nerve [X]; 
aeeessory nerve [XI] 

Stylomastoid foramen 

Faeial nerve [VII] 


orbit. This proeess articulates with the frontal proeess of 
the zygomatie bone. 

Zygomatie and nasal bones 

The lower lateral rim of the orbit, as well as the lateral part 
of the inferior rim of the orbit is formed by the zygomatie 
bone (the eheekbone). 

Superiorly, in the nasal region the paired nasal bones 
articulate with eaeh other in the midline, and with the 
frontal bone superiorly. The eenter of the frontonasal 
suture formed by the articulation of the nasal bones and 
the frontal bone is the nasion. 

Laterally, eaeh nasal bone articulates with the frontal 
proeess of eaeh maxilla. 

Inferiorly, the piriform aperture is the large opening 
in the nasal region and the anterior opening of the nasal 
eavity. It is bounded superiorly by the nasal bones and lat- 
erally and inferiorly by eaeh maxilla. 

Visible through the piriform aperture are the fused 
nasal erests, forming the lower part of the bony nasal 
septum and ending anteriorly as the anterior nasal 
spine, and the paired inferior nasal eonehae. 

Maxillae 

Thepart of the faee between the orbit and the upper teeth 
and eaeh upper jaw is formed by the paired maxillae. 

Superiorly, eaeh maxilla contributes to the inferior and 
medial rims of the orbit. 

Laterally, the zygomatie proeess of eaeh maxilla 
articulates with the zygomatie bone and medially, the 
frontal proeess of eaeh maxilla articulates with the 
frontal bone. 

Inferiorly, the part of eaeh maxilla, lateral to the opening 
of the nasal eavity, is the body of the maxilla. 

On the anterior surface of the body of the maxilla, just 
below the inferior rim of the orbit, is the infra-orbital 
foramen (Table 8.1). 

Inferiorly, eaeh maxilla ends as the alveolar proeess, 
which eontains the teeth and forms the upper jaw. 

Mandible 

The lower jaw (mandible) is the most inferior structure in 
the anterior view of the skull. It eonsists of the body of 
the mandible anteriorly and the ramus of the mandi- 
ble posteriorly. These meet posteriorly at the angle of the 
mandible. All these parts of the mandible are visible, to 
some extent, in the anterior view. 

The body of the mandible is arbitrarily divided into 
two parts: 

■ The lower part is the base of the mandible. 

The upper part is the alveolar part of the mandible. 
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The alveolar part of the mandible eontains the teeth 
and is resorbed when the teeth are removed. The base of 
the mandible has a midline swelling (the mental protu- 
beranee) on its anterior surface where the two sides of the 
mandible eome together. Just lateral to the mental protu- 
beranee, on either side, are slightly more pronounced 
bumps (mental tubercles). 

Laterally, a mental foramen ( ^able 8.1) is visible 
halfway between the upper border of the alveolar part of 
the mandible and the lower border of the base of the man- 
dible. Continuing past this foramen is a ridge (the oblique 


line) passing from the front of the ramus onto the body of 
the mandible. The oblique line is a point of attaehment for 
muscles that depress the lower lip. 


Lateral view 

The lateral view of the skull eonsists of the lateral wall 
of the cranium, which includes lateral portions of the 
ealvaria and the faeial skeleton, and half of the lower jaw 

(Fig. 8.19): 
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Fig. 8.19 Lateral view of the skull. 
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Bones forming the lateral portion of the ealvaria include 
the frontal, parietal, oeeipital, sphenoid, and temporal 
bones. 

Bones forming the visible part of the faeial skeleton 
inehide the nasal, maxilla, and zygomatie bones. 

The mandible forms the visible part of the lower jaw. 

Lateral portion of the ealvaria 

The lateral portion of the ealvaria begins anteriorly with 
the frontal bone. In upper regions, the frontal bone articu- 
lates with the parietal bone at the eoronal suture. The 
parietal bone then articulates with the oeeipital bone at the 

lambdoid suture. 

In lower parts of the lateral portion of the ealvaria, the 
frontal bone articulates with the greater wing of the 
sphenoid bone (Fig. 8.19), which then articulates with 
the parietal bone at the sphenoparietal suture, and with 
the anterior edge of the temporal bone at the spheno- 
squamous suture. 

The junction where the frontal, parietal, sphenoid, and 
temporal bones are in elose proximity is the pterion. The 
elinieal consequences of a skull fracture in this area ean be 
very serious. The bone in this area is particularly thin and 
overlies the anterior division of the middle meningeal 
artery, which ean be torn by a skull fracture in this area, 
resulting in an extradural hematoma. 

The final articulation aeross the lower part of the lateral 
portion of the ealvaria is between the temporal bone and 
the oeeipital bone at the oeeipitomastoid suture. 

Temporal bone 

A major contributor to the lower portion of the lateral wall 
of the cranium is the temporal bone (Fig. 8.19), which 
eonsists of several parts: 

The squamous part has the appearanee of a large 
flat plate, forms the anterior and superior parts of the 
temporal bone, contributes to the lateral wall of the 
cranium, and articulates anteriorly with the greater 
wing of the sphenoid bone at the sphenosquamous 
suture, and with the parietal bone superiorly at the 
squamous suture. 

The zygomatie proeess is an anterior bony projeetion 
from the lower surface of the squamous part of the tem- 
poral bone that initially projeets laterally and then 
curves anteriorly to articulate with the temporal proeess 
of the zygomatie bone to form the zygomatie areh. 
Immediately below the origin of the zygomatie proeess 
from the squamous part of the temporal bone is the 
tympanie part of the temporal bone, and elearly visible 
on the surface of this part is the external acoustic 


opening leading to the external acoustic meatus 

(ear eanal). 

The petromastoid part, which is usually separated into 
a petrous part and a mastoid part for deseriptive 
purposes. 

The mastoid part is the most posterior part of the tem- 
poral bone, and is the only part of the petromastoid part of 
the temporal bone seen on a lateral view of the skull. It is 
continuous with the squamous part of the temporal bone 
anteriorly, and articulates with the parietal bone superiorly 
at the parietomastoid suture, and with the oeeipital 
bone posteriorly at the oeeipitomastoid suture. These two 
sutures are continuous with eaeh other, and the parieto- 
mastoid suture is continuous with the squamous suture. 

Inferiorly, a large bony prominenee (the mastoid 
proeess) projeets from the inferior border of the mastoid 
part of the temporal bone. This is a point of attaehment for 
several muscles. 

Medial to the mastoid proeess, the styloid proeess pro- 
jeets from the lower border of the temporal bone. 

Visible part of the faeial skeleton 

The bones of the viscerocranium visible in a lateral view 
of the skull include the nasal, maxilla, and zygomatie 
bones (Fig. 8.19) as follows: 

■ A nasal bone anteriorly. 

The maxilla with its alveolar proeess eontaining teeth 
forming the upper jaw; anteriorly, it articulates with the 
nasal bone; superiorly, it contributes to the formation of 
the inferior and medial borders of the orbit; medially, 
its frontal proeess articulates with the frontal bone; 
laterally, its zygomatie proeess articulates with the 
zygomatie bone. 

■ The zygomatie bone, an irregularly shaped bone with a 
rounded lateral surface that forms the prominenee of 
the eheek, is a visual eenterpieee in this view— medially, 
it assists in the formation of the inferior rim of the orbit 
through its articulation with the zygomatie proeess of 
the maxilla; superiorly, its frontal proeess articulates 
with the zygomatie proeess of the frontal bone assisting 
in the formation of the lateral rim of the orbit; laterally, 
seen prominently in this view of the skull, the horizon- 
tal temporal proeess of the zygomatie bone projeets 
backward to articulate with the zygomatie proeess of 
the temporal bone and so form the zygomatie areh. 

Usually a small foramen (the zygomatieofaeial 
foramen; Table 8.1 ) is visible on the lateral surface of the 
zygomatie bone. A zygomatieotemporal foramen is 
present on the medial deep surface of the bone. 
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Mandible 


Posterior view 


The final bony structure visible in a lateral view of the skull 
is the mandible. Inferiorly in the anterior part of this view, 
it eonsists of the anterior body of the mandible, a posterior 
ramus of the mandible, and the angle of the mandible 
where the inferior margin of the mandible meets the pos- 
terior margin of the ramus (Fig. 8.19). 

The teeth are in the alveolar part of the body of the 
mandible and the mental protuberance is visible in this 


view. 


The mental foramen is on the lateral surface of the body, 
and on the superior part of the ramus eondylar and eoro- 
noid proeesses extend upward. 

The eondylar proeess is involved in articulation of the 
mandible with the temporal bone, and the eoronoid proeess 
is the point of attaehment for the temporalis muscle. 


The oeeipital, parietal, and temporal bones are seen in the 
posterior view of the skull. 


Oeeipital bone 

Centrally the flat or squamous part of the oeeipital 

bone is the main structure in this view of the skull (Fig. 
8.20). It articulates superiorly with the paired parietal 
bones at the lambdoid suture and laterally with eaeh tem- 
poral bone at the oeeipitomastoid sutures. Along the lamb- 
doid suture small islands of bone (sutural bones or 
wormian bones) may be observed. 

Several bony landmarks are visible on the oeeipital 
bone. There is a midline projeetion (the external oeeipital 
protuberance) with curved lines extending laterally from 
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Fig. 8.20 Posterior view of the skull. 
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it (superior nuchal lines). The most prominent point of 
the external oeeipital protuberance is the inion. About 1 
ineh (2.5 em) below the superior nuchal lines two addi- 
tional lines (the inferior nuchal lines) curve laterally. 
Extending downward from the external oeeipital protuber- 
anee is the external oeeipital erest. 

Temporal bones 

Laterally, the temporal bones are visible in the posterior 
view of the skull, with the mastoid proeesses being the 
prominent feature (Fig. 8.20). On the inferomedial border 
of eaeh mastoid proeess is a noteh (the mastoid noteh), 
which is a point of attaehment for the posterior belly of the 
digastrie muscle. 

Superior view 

The frontal bone, parietal bones, and oeeipital bone are 
seen in a superior view of the skull (Fig. 8.21). These bones 
make up the superior part of the ealvaria or the ealva 
(skullcap). 

In an anterior to posterior direetion: 

The unpaired frontal bone articulates with the paired 
parietal bones at the eoronal suture. 


The two parietal bones articulate with eaeh other in the 
midline at the sagittal suture. 

The parietal bones articulate with the unpaired oeeipi- 
tal bone at the lambdoid suture. 

The junction of the sagittal and eoronal sutures is the 
bregma, and the junction of the sagittal and lambdoid 
sutures is the lambda. 

The only foramina visible in this view of the skull may 
be the paired parietal foramina, posteriorly, one on eaeh 
parietal bone just lateral to the sagittal suture (Fig. 8.21). 

The bones makingupthe ealvaria (Fig. 8.22) are unique 
in their structure, eonsisting of dense internal and external 
tables of eompaet bone separated by a layer of spongy bone 
(the diploé). 

Inferior view 

The base of the skull is seen in the inferior view and extends 
anteriorly from the middle ineisor teeth posteriorly to the 
superior nuchal lines and laterally to the mastoid proeesses 
and zygomatie arehes (Fig. 8.23). 

For deseriptive purposes the base of the skull is often 
divided into: 


Goronai suture 


Parietal bone 




Oeeipital bone Lambda 



Bregma 


Sagittal suture 


Parietal foramen 


Fig. 8.21 Superior view of the skull. 
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Fig. 8.22 Calvaria. 


■ an anterior part, which includes the teeth and the 
hard palate, 

■ a middle part, which extends from behind the 
hard palate to the anterior margin of the foramen 
magnum, and 

a posterior part, which extends from the anterior 
edge of the foramen magnum to the superior nuchal 
lines. 

Anterior part 

The main features of the anterior part of the base of the 
skull are the teeth and the hard palate. 

The teeth projeet from the alveolar proeesses of the 
two maxillae. These proeesses are together arranged in a 
Ll-shaped alveolar areh that borders the hard palate on 
three sides (Fig. 8.23). 

The hard palate is eomposed of the palatine pro- 
eesses of eaeh maxilla anteriorly and the horizontal 
plates of eaeh palatine bone posteriorly. 

The paired palatine proeesses of eaeh maxilla meet in 
the midline at the intermaxillary suture, the paired 
maxillae and the paired palatine bones meet at the pala- 
tomaxillary suture, and the paired horizontal plates of 
eaeh palatine bone meet in the midline at the interpala- 
tine suture. 

Several additional features are also visible when the 
hard palate is examined: 

the ineisive fossa in the anterior midline immediately 
posterior to the teeth, the walls of which eontain inei- 
sive foramina (the openings of the ineisive eanals, 
which are passageways between the hard palate and 
nasal eavity); 


the greater palatine foramina near the posterolateral 
border of the hard palate on eaeh side, which lead to 

greater palatine eanals; 

just posterior to the greater palatine foramina, the 

lesser palatine foramina in the pyramidal proeess 

of eaeh palatine bone, which lead to lesser palatine 
eanals; 

a midline pointed projeetion (the posterior nasal 
spine) in the free posterior border of the hard palate. 

Middle part 

The middle part of the base of the skull is complex: 

■ Forming the anterior half are the vomer and sphenoid 
bones. 

■ Forming the posterior half are the oeeipital and paired 
temporal bones. 

Anterior half 

Vomer 

Anteriorly, the small vomer is in the midline, resting on the 
sphenoid bone (Fig. 8.23). It contributes to the formation 
of the bony nasal septum separating the two ehoanae. 

Sphenoid 

Most of the anterior part of the middle part of the base of 
the skull eonsists of the sphenoid bone. 

The sphenoid bone is made up of a eentrally plaeed 
body, paired greater and lesser wings projeeting later- 
ally from the body, and two downward projeeting ptery- 
goid proeesses immediately lateral to eaeh ehoana. 

Three parts of the sphenoid bone, the body, greater 
wings, and pterygoid proeesses, are seen in the inferior 
view of the skull (Fig. 8.23). The lesser wing of the sphe- 
noid is not seen in the inferior view. 

Body 

The body of the sphenoid is a eentrally placedcube of bone 
eontaining two large air sinuses separated by a septum. 

It articulates anteriorly with the vomer, ethmoid, and 
palatine bones, posterolaterally with the temporal bones, 
and posteriorly with the oeeipital bone. 

Pterygoid proeesses 

Extending downward from t he j unction of t he body and the 
greater wings are the pterygoid proeesses (Fig. 8.23). Eaeh 
of these proeesses eonsists of a narrow medial plate and 
broader lateral plate separated by the pterygoid fossa. 

Eaeh medial plate of the pterygoid proeess ends 
inferiorly with a hook-like projeetion, the pterygoid 
hamulus, and divides superiorly to form the small, shallow 
seaphoid fossa. 


861 




























Foramen magnum 


Superior nuchal line 


Alveolar areh 


Hard palate (palatine bone) 


External oeeipital erest 


Inferior nuchal line 


Foramen lacerum 


Foramen ovale 
Foramen spinosum 

Petrous part of 

tempora! bone 
Garotid eanal 
Styíomastoid foramen 


Hard palate (maxilla) 


Mastoid proeess 


Squamous part of 
temporaf bone 


Basilar part of 
oeeipital bone 


Oeeipital eondyle 


Pharyngeal tubercle 


Posterior nasal aperture 

Pyramidal proeess of palatine bone 

Hamulus 


Vomer 

Pterygoid fossa 

Greater wing 
(of sphenoid bone) 

Pterygoid 

Openíng of 
pterygoid eanal 


Articular tubercle 

Mandibularfossa 

Groove for auditory tube 


Styloid proeess 
Jugular foramen 


Greater palatine foramen 

Lesser palatine foramen 
Body of sphenoid 


Medial plate of pterygoid 

proeess 

Lateral plate of pterygoid 

proeess 

Seaphoid fossa 


ineisive fossa 


Mastoid noteh 


Hypoglossal eanal 


External oeeipital protuberance 


Fig. 8.23 Inferior view of the skull. 


Just superior to the seaphoid fossa, at the root of the 
medial plate of the pterygoid proeess is the opening of 
the pterygoid eanal, which passes forward from near the 
anterior margin of the foramen lacerum. 

Greater wing 

Lateral to the lateral plate of the pterygoid proeess is the 
862 greater wing of the sphenoid (Fig. 8.23), which not only 


forms a part of the base of the skull but also continues 
laterally to form part of the lateral wall of the skull. It 
articulates laterally and posteriorly with parts of the tem- 
poral bone. 

Important features visible on the surface of the greater 
wing in an inferior view of the skull are the foramen ovale 
and the foramen spinosum on the posterolateral border 
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extending outward from the upper end of the lateral plate 
of the pterygoid proeess. 

Posterior half 

In the posterior half of the middle part of the base of the 
skull are the oeeipital bone and the paired temporal bones 

(Fig. 8.23). 

Oeeipital bone 

The oeeipital bone, or more speeifieally its basilar part, is 
in the midline immediately posterior to the body of the 
sphenoid. It extends posteriorly to the foramen magmim 
and is bounded laterally by the temporal bones. 

Prominent on the basilar part of the oeeipital bone is 
the pharyngeal tubercle, a bony protuberance for the 
attaehment of parts of the pharynx to the base of the skull 

(Fig. 8.23). 

Temporal bone 

Immediately lateral to the basilar part of the oeeipital 
bone is the petrous part of the petromastoid part of eaeh 
temporal bone. 

Wedge-shaped in its appearanee, with its apex antero- 
medial, the petrous part of the temporal bone is between 
the greater wing of the sphenoid anteriorly and the basilar 
part of the oeeipital bone posteriorly. The apex forms one 
of the boundaries of the foramen laeemrn, an irregular 
opening filled in life with eartilage (Fig. 8.23). 

The other boundaries of the foramen lacerum are the 
basilar part of the oeeipital bone medially and the body of 
the sphenoid anteriorly. 

Posterolateral from the foramen lacerum along the 
petrous part of the temporal bone is the large circular 
opening for the earotid eanal. 

Between the petrous part of the temporal bone and the 
greater wing of the sphenoid is a groove for the eartilagi- 
nous part of the pharyngotympanie tube (auditory 
tube). This groove continues posterolaterally into a bony 
eanal in the petrous part of the temporal bone for the pha- 
ryngotympanie tube. 

Just lateral to the greater wing of the sphenoid is the 
squamous part of the temporal bone, which partieipates in 
the temporomandibular joint. It eontains the mandibular 
fossa, which is a eoneavity where the head of the mandible 
articulates with the base of the skull. An important feature 
of this articulation is the prominent articular tubercle, 
which is the downward projeetion of the anterior border 
of the mandibular fossa (Fig. 8.23). 

Posterior part 

The posterior part of the base of the skull extends from 
the anterior edge of the foramen magnum posteriorly 


to the superior nuchal lines (Fig. 8.23). It eonsists of parts 
of the oeeipital bone eentrally and the temporal bones 
laterally. 


The oeeipital bone is the major bony element of this part 
of the base of the skull (Fig. 8.23). It has four parts orga- 
nized around the foramen magnum, which is a prominent 
feature of this part of the base of the skull and through 
which the brain and spinal eord are continuous. 

The parts of the oeeipital bone are the squamous part, 
which is posterior to the foramen magnum, the lateral 
parts, which are lateral to the foramen magnum, and the 
basilar part, which is anterior to the foramen magnum 

(Fig. 8.23). 

The squamous and lateral parts are eomponents of the 
posterior part of the base of the skull. 

The most visible feature of the squamous part of the 
oeeipital bone when examining the inferior view of the 
skull is a ridge of bone (the external oeeipital erest), which 
extends downward from the external oeeipital protuber- 
anee toward the foramen magnum. The inferior nuchal 
lines are laterally from the midpoint of the erest. 

Immediately lateral to the foramen magnum are the 
lateral parts of the oeeipital bones, which eontain numer- 
ous important structural features. 

On eaeh anterolateral border of the foramen magnum 
are the rounded oeeipital eondyles (Fig. 8.23). These 
paired structures articulate with the atlas (vertebra CI). 
Posterior to eaeh eondyle is a depression (the eondylar 
fossa) eontaining a eondylar eanal, and anterior and 
superior to eaeh eondyle is the large hypoglossal eanal. 
Lateral to eaeh hypoglossal eanal is a large, irregular 
jugular foramen formed by opposition of the jugular 
noteh of the oeeipital bone and jugular noteh of the 
temporal bone. 


Laterally in the posterior part of the base of the skull is the 
temporal bone. The parts of the temporal bone seen in this 
loeation are the mastoid part of the petromastoid part and 
the styloid proeess (Fig. 8.23). 

The lateral edge of the mastoid part is identified by the 
large eone-shaped mastoid proeess projeeting from its infe- 
rior surface. This prominent bony structure is the point of 
attaehment for several muscles. On the medial aspeet of 
the mastoid proeess is the deep mastoid noteh, which is 
also an attaehment point for a muscle. 

Anteromedial to the mastoid proeess is the needle- 
shaped styloid proeess projeeting from the lower border of 
the temporal bone. The styloid proeess is also a point of 
attaehment for numerous muscles and ligaments. 863 
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Finally, between the styloid proeess and the mastoid 
proeess is the stylomastoid foramen. 


CRANIAL CAVITY 


the sagittal suture, between the paired parietal bones, 
and 

the lambdoid suture, between the parietal and oeeipital 
bones. 


The eranial eavity is the spaee within the cranium that 
eontains the brain, meninges, proximal parts of the eranial 
nerves, blood vessels, and eranial venous simises. 


Roof 

The ealvaria is the dome-shaped roof that proteets 
the superior aspeet of the brain. It eonsists mainly of the 
frontal bone anteriorly, the paired parietal bones in the 
middle, and the oeeipital bone posteriorly (Fig. 8.24). 
Sutures visible internally include: 


the eoronal suture, between the frontal and parietal 
bones, 


Visible junctions of these sutures are the bregma, where 
the eoronal and sagittal sutures meet, and the lambda, 
where the lambdoid and sagittal sutures meet. 

Other markings on the internal surface of the ealva 
inehide bony ridges and numerous grooves and pits. 

From anterior to posterior, features seen on the bony 
roof of the eranial eavity are: 


a midline ridge of bone extending from the surface of 
the frontal bone (the frontal erest), which is a point of 
attaehment for the falx eerebri (a speeialization of the 
dura mater that partially separates the two eerebral 
hemispheres); 
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Fig. 8.24 Roof of the eranial eavity. 
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at the superior point of the termination of the frontal 
erest the beginning of the groove for the superior 
sagittal simis. which widens and deepens posteriorly 
and marks the position of the superior sagittal sinus (an 
intradural venous structure); 

on either side of the groove for the superior sagittal 
sinus throughout its course, a small number of depres- 
sions and pits (the granular foveolae), which mark 
the loeation of araehnoid granulations (prominent 
structures readily identifiable when a brain with its 
meningeal eoverings is examined; the araehnoid granu- 
lations are involved in the reabsorption of eerebrospinal 
fluid); and 

on the lateral aspeets of the roof of the eranial eavity, 
smaller grooves ereated by various meningeal vessels. 


Floor 

The floor of the eranial eavity is divided into anterior, 
middle, and posterior eranial fossae. 

Anterior eranial fossa 

Parts of the frontal, ethmoid, and sphenoid bones form the 
anterior eranial fossa (Fig. 8.25). Its floor is eomposed of: 

frontal bone in the anterior and lateral direetion, 

■ ethmoid bone in the midline, and 

two parts of the sphenoid bone posteriorly, the body 
(midline) and the lesser wings (laterally). 



Frontal erest 


Foramen cecum 


Orbital part (of 
frontal bone) 


Oribriform plate 
(of ethmoid bone) 





Anterior elinoid proeess 


Foramina of 
eribriform plate 


Body of (sphenoid) 


Fig. 8.25 Anterior eranial fossa. 
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The anterior eranial fossa is above the nasal eavity and 
the orbits, and it is filled by the frontal lobes of the eerebral 
hemispheres. 

Anteriorly, a small wedge-shaped midline erest of bone 
(the frontal erest) projeets from the frontal bone. This is a 
point of attaehment for the falx eerebri. Immediately pos- 
terior to the frontal erest is the foramen cecum (Table 
8.2). This foramen between the frontal and ethmoid bones 
may transmit emissary veins eonneeting the nasal eavity 
with the superior sagittal sinus. 

Posterior to the frontal erest is a prominent wedge of 
bone projeeting superiorly from the ethmoid (the erista 
galli). This is another point of attaehment for the falx 
eerebri, which is the vertieal extension of dura mater par- 
tially separating the two eerebral hemispheres. 

Lateral to the erista galli is the eribriform plate of the 
ethmoid bone (Fig. 8.25). This is a sieve-like structure, 
which allows small olfaetory nerve fibers to pass through 
its foramina from the nasal mucosa to the olfaetory bulb. 
The olfaetory nerves are eommonly referred to eolleetively 
as the olfaetory nerve [I]. 

On eaeh side of the ethmoid, the floor of the anterior 
eranial fossa is formed by relatively thin plates of frontal 
bone (the orbital part of the frontal bone), which also 
forms the roof of the orbit below. Posterior to both the 


frontal and ethmoid bones, the rest of the floor of the ante- 
rior eranial fossa is formed by the body and lesser wings of 
the sphenoid. In the midline, the body extends anteriorly 
between the orbital parts of the frontal bone to reaeh the 
ethmoid bone and posteriorly it extends into the middle 
eranial fossa. 

The boundary between the anterior and middle eranial 
fossae in the midline is the anterior edge of the ehiasmatie 
sulcus, a smooth groove stretehing between the optie 
eanals aeross the body of the sphenoid. 

Lesser wings of the sphenoid 

The two lesser wings of the sphenoid projeet laterally 
from the body of the sphenoid and form a distinet bound- 
ary between the lateral parts of the anterior and middle 
eranial fossae. 

Overhanging the anterior part of the middle eranial 
fossae, eaeh lesser wing ends laterally as a sharp point at 
the junction of the frontal bone and the greater wing of 
the sphenoid near the upper lateral edge of the superior 
orbital fissure that is formed between the greater and 
lesser wings. 

Medially eaeh lesser wing widens, curves posteriorly, 
and ends as a rounded anterior elinoid proeess (Fig. 
8.25). These proeesses serve as the anterior point of 


Table 8.2 Internal foramina of the skull 

Foramen Structures passing through foramen 

ANTERIOR CRANIAL FOSSA 


Foramen cecum 

Olfaetory foramen in eribriform plate 

MIDDLE CRANIAL FOSSA 

Optie eanal 

Superior orbital fissure 

Foramen rotundum 
Foramen ovale 
Foramen spinosum 
Hiatusforthe greater petrosal nerve 
Hiatus for the lesser petrosal nerve 

POSTERIOR CRANIAL FOSSA 

Foramen magnum 

Internal acoustic meatus 
Jugular foramen 

Hypoglossal eanal 
Condylar eanal 


Emissary veins to nasal eavity 
Olfaetory nerves [1] 

Optie nerve [II]; ophthalmie artery 

Oculomotor nerve [III]; troehlear nerve [IV]; ophthalmie division of the trigeminal nerve [Vd; abducent 
nerve [VI]; ophthalmie veins 

Maxillary division of the trigeminal nerve [V 2 ] 

Mandibular division of the trigeminal nerve [V 3 ]; lesser petrosal nerve 
Middle meningeal artery 
Greater petrosal nerve 
Lesser petrosal nerve 

End of brainstem/beginning of spinal eord; vertebral arteries; spinal roots of the aeeessory nerve; 
meninges 

Faeial nerve [VII]; vestibulocochlear nerve [VIII]; labyrinthine artery 

Glossopharyngeal nerve [IX]; vagus nerve [X]; aeeessory nerve [XI]; inferior petrosal sinus, sigmoid sinus 
(forming internal jugular vein) 

Hypoglossal nerve [XII]; meningeal braneh of the aseending pharyngeal artery 
Emissary vein 
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attaehment for the tentorium eerebelli, which is a sheet 
of dura that separates the posterior part of the eerebral 
hemispheres from the cerebellum. Just anterior to eaeh 
anterior elinoid proeess is a circular opening in the lesser 
wing of the sphenoid (the optie eanal), through which 
the ophthalmie artery and optie nerve [II] pass as they exit 
the eranial eavity to enter the orbit. The optie eanals are 
usually included in the middle eranial fossa. 

Middle eranial fossa 

The middle eranial fossa eonsists of parts of the sphenoid 
and temporal bones (Fig. 8.26). 

The boundary between the anterior and middle eranial 
fossae in the midline is the anterior edge of the ehiasmatie 
sulcus, which is a smooth groove stretehing between the 
optie eanals aeross the body of the sphenoid. 

The posterior boundaries of the middle eranial fossa are 
formed by the anterior surface, as high as the superior 
border, of the petrous part of the petromastoid part of the 
temporal bone. 

Sphenoid 

The floor in the midline of the middle eranial fossa is ele- 
vated and formed by the body of the sphenoid. Lateral to 
this are large depressions formed on either side by the 
greater wing of the sphenoid and the squamous part of the 
temporal bone. These depressions eontain the temporal 
lobes of the brain. 


Sella turcica 

Just posterior to the ehiasmatie sulcus is the uniquely mod- 
ifìed remainder of the body of the sphenoid (the sella 
turcica), which eonsists of a deep eentral area (the 
hypophyseal fossa) eontaining the pituitary gland with 
anterior and posterior vertieal walls of bone (Fig. 8.26). 

The anterior wall of the sella is vertieal in position 
with its superior extent visible as a slight elevation (the 
tuberculum sellae) at the posterior edge of the ehias- 
matie sulcus. 

Lateral projeetions from the eorners of the tuberculum 
sellae (the middle elinoid proeesses) are sometimes 
evident. 

The posterior wall of the sella turcica is the dorsum 
sellae, a large ridge of bone projeeting upward and 
forward. At the top of this bony ridge the lateral edges 
eontain rounded projeetions (the posterior elinoid pro- 
eesses), which are points of attaehment, like the anterior 
elinoid proeesses, for the tentorhim eerebelli. 

Fissures and foramina 

Lateral to eaeh side of the body of the sphenoid, the floor 
of the middle eranial fossa is formed on either side by the 
greater wing of the sphenoid (Fig. 8.26). 

A diagonal gap, the superior orbital fissure, separates 
the greater wing of the sphenoid from the lesser wing 
and is a major passageway between the middle eranial 
fossa and the orbit. Passing through the fìssure are the 
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Fig. 8.26 Middle eranial fossa. 
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oculomotor nerve [III], the troehlear nerve [IV], the oph- 
thalmie nerve [Vi], the abducent nerve [VI], and ophthal- 
mie veins. 

Posterior to the medial end of the superior orbital fìssure 
on the floor of the middle eranial fossa is a rounded foramen 
projeeting in an anterior direetion (the foramen rotun- 
dum), through which the maxillary nerve [V 2 ] passes from 
the middle eranial fossa to the pterygopalatine fossa. 

Posterolateral to the foramen rotundum is a large 
oval opening (the foramen ovale), which allows struc- 
tures to pass between the extracranial infratemporal fossa 
and the middle eranial fossa. The mandibular nerve [V 3 ], 
lesser petrosal nerve (earrying fìbers from the tympanie 
plexus that originally eame from the glossopharyngeal 
nerve [IX]) and, oeeasionally, a small vessel (the aeeessory 
middle meningeal artery), pass through this foramen. 

Posterolateral from the foramen ovale is the small 
foramen spinosum (Fig. 8.26). This opening also eonneets 
the infratemporal fossa with the middle eranial fossa. The 
middle meningeal artery and its assoeiated veins pass 
through this foramen and, onee inside, the groove for the 
middle meningeal artery aeross the floor and lateral wall 
of the middle eranial fossa elearly marks their path. 

Posteromedial to the foramen ovale is the rounded 
intraeranial opening of the earotid eanal. Direetly 
inferior to this opening is an irregular foramen (the 
foramen lacerum) (Fig. 8.26). Clearly observed in the 
inferior view of the skull, the foramen lacerum is elosed in 
life by a cartilaginous plug, and no structures pass through 
it eompletely. 

Temporal bone 

The posterior boundary of the middle eranial fossa is 
formed by the anterior surface of the petrous part of the 
petromastoid part of the temporal bone. 

Medially, there is a slight depression (trigeminal 
impression) in the anterior surface of the petrous part of 
the temporal bone (Fig. 8.26), whichmarksthe loeation of 
the sensory ganglion for the trigeminal nerve [V]. 

Lateral to the trigeminal impression and on the anterior 
surface of the petrous part of the temporal bone is a small 
linear groove that passes in a superolateral direetion and 
ends in a foramen (the groove and hiatus for the greater 
petrosal nerve). The greater petrosal nerve is a braneh of 
the faeial nerve [VII]. 

Anterolateral to the groove for the greater petrosal 
nerve is a seeond, smaller groove and hiatus for the 
lesser petrosal nerve, a braneh from the tympanicplexus 
earrying fibers that originally eame from the glossopha- 
ryngeal nerve [IX] (Fig. 8.26). 

Above and lateral to the small openings for the greater 
868 and lesser petrosal nerves, near the superior ridge of the 


petrous part of the temporal bone, is a rounded protmsion 
of bone (the arcuate eminenee) produced by the underly- 
ing anterior semicircular eanal of the inner ear. 

Just anterior and lateral to the arcuate eminenee 
the anterior surface of the petrous part of the temporal 
bone is slightly depressed. This region is the tegmen 
tympani, and marks the thin bony roof of the middle 
ear eavity. 

Posterior eranial fossa 

The posterior eranial fossa eonsists mostly of parts of the 
temporal and oeeipital bones, with small contributions 
from the sphenoid and parietal bones (Fig. 8.27). It is the 
largest and deepest of the three eranial fossae and eontains 
the brainstem (midbrain, pons, and medulla) and the 
cerebellum. 

Boiindaries 

The anterior boundaries of the posterior eranial fossa in 
the midline are the dorsum sellae and the clivus (Fig. 
8.27). The clivus is a slope of bone that extends upward 
from the foramen magnum. It is formed by contributions 
from the body of the sphenoid and from the basilar part of 
the oeeipital bone. 

Laterally the anterior boundaries of the posterior eranial 
fossa are the superior border of the petrous part of the 
petromastoid part of the temporal bone. 

Posteriorly the squamous part of the oeeipital bone to 
the level of the transverse groove is the major boundary, 
while laterally the petromastoid part of the temporal bone 
and small parts of the oeeipital and parietal bones border 
the fossa. 

Foramen magniim 

Centrally, in the deepest part of the posterior eranial 
fossa, is the largest foramen in the skull, the foramen 
magnum. It is surrounded by the basilar part of the oeeipi- 
tal bone anteriorly, the lateral parts of the oeeipital bone 
on either side, and the squamous part of the oeeipital bone 
posteriorly. 

The spinal eord passes superiorly through the foramen 
magnum to continue as the brainstem. 

Also passing through the foramen magnum are the ver- 
tebral arteries, the meninges, and the spinal roots of the 
aeeessory nerve [XI]. 

Grooves and foramina 

The clivus slopes upward from the foramen magnum. 
Lateral to the clivus is a groove for the inferior petrosal 
sinus between the basilar part of the oeeipital bone and 
the petrous part of the petromastoid part of the temporal 
bone (Fig. 8.27). 
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Fig. 8.27 Posterior eranial fossa. 


Squamous part of the oeeipital bone 


Laterally, aeross the upper half of the posterior surface 
of the petrous part of the temporal bone, is an oval foramen 
(the internal acoustic meatus). The faeial [VII] and ves- 
tibulocochlear [VIII] nerves, and the labyrinthine artery 
pass through it. 

Inferior to the internal acoustic meatus the temporal 
bone is separated from the oeeipital bone by the large 
jugular foramen (Fig. 8.27). Leading to this foramen 
from the medial side is the groove for the inferior 
petrosal sinus, and from the lateral side the groove for the 
sigmoid sinus. 

The sigmoid sinus passes into the jugular foramen, and 
is continuous with the internal jugular vein, while the infe- 
rior petrosal sinus empties into the internal jugular vein in 
the area of the jugular foramen. 

Also passing through the jugular foramen are the glos- 
sopharyngeal nerve [IX], the vagus nerve [X], and the 
aeeessory nerve [XI]. 

Medial to the jugular foramen is a large rounded mound 
of the oeeipital bone (the jugular tubercle). Just inferior 
to this, and superior to the foramen magnum, is the hypo- 
glossal eanal, through which the hypoglossal nerve [XII] 
leaves the posterior eranial fossa, and a meningeal braneh 
of the aseending pharyngeal artery enters the posterior 
eranial fossa. 

Just posterolateral to the hypoglossal eanal is the small 
eondylar eanal that, when present, transmits an emis- 
sary vein. 


The squamous part of the oeeipital bone has several promi- 
nent features (Fig. 8.27): 

Running upward in the midline from the foramen 
magnum is the internal oeeipital erest. 

On either side of the internal oeeipital erest, the floor 
of the posterior eranial fossa is eoneave to aeeommo- 
date the eerebellar hemispheres. 

■ The internal oeeipital erest ends superiorly in a bony 
prominenee (the internal oeeipital protuberance). 
Extending laterally from the internal oeeipital protuber- 
anee are grooves produced by the transverse sinuses, 
which continue laterally, eventually joining a groove for 
eaeh sigmoid sinus—eaeh of these grooves then turns 
inferiorly toward the jugular foramina. 

The transverse and sigmoid sinuses are intradural 
venous sinuses. 


Foramina and fissures through which major structures 
pass between the eranial eavity and other regions are sum- 
marized in Fig. 8.28. 


Foramina and fissures through which major 
structures enter and leave the eranial eavity 
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Foramen rotundum: 

(middle eranial fossa/ 
pterygopalatine fossa) 

• [V 2 ] Maxillary division 
of [V] (trigeminal nerve) 

Foramen ovale: 

(middle eranial fossa/ 
infratemporal fossa) 

• [V 2 ] Mandibular division 
of [V] (trigeminal nerve) 

Carotid eanal: 

(middle eranial fossa/neek) 

• Internal earotid artery 

Foramen spinosum: 

(middle eranial fossa/ 
infratemporal fossa) 

• Middle meningeal artery 

Jugular foramen: 

(posterior eranial fossa/neek) 

• [IX] Glossopharyngeal nerve 

• [X] Vagus nerve 

• [XI] Aeeessory nerve 

• Internal jugular vein 



Foramen magnum: 

(posterior eranial fossa/neek) 

• Spinal eord 

• Vertebral arteries 

° Roots of aeeessory nerve [XI] pass from 
upper region of spinal eord through the foramen 
magnum into the eranial eavity and then leave 


the eranial eavity through the jugular foramen 


A 


Oarotid eanal: 

• Internal earotid artery 


Stylomastoid foramen: 

• [VII] Faeial nerve 


B 



Foramen magnum: 

• Spinal eord 

• Vertebral arteries 

o Roots of aeeessory nerve [XI] pass from 
upper region of spinal eord through the foramen 
magnum into the eranial eavity and then leave 


the eranial eavity through the jugular foramen 


Cribiform plate: 

(anterior eranial fossa/nasal eavity) 

• [1] Olfaetory nerves 

Optie eanal: 

(middle eranial fossa/orbit) 

• [11] Optie nerve 

• Ophthalmie artery 

Superior orbital fissure: 

(middle eranial fossa/orbit) 

• [Vi] Ophthalmie division 
of [V] (trigeminal nerve) 

• [111] Oculomotor nerve 

• [IV] Troehlear nerve 

• [VI] Abducent nerve 

• Superior ophthalmie vein 

Foramen laeemm 
(filled with eartilage in life) 


Internal acoustic meatus: 

(posterior eranial fossa/ear, andneek 
via stylomastoid foramen) 

• [VII] Faeial nerve 

• [VIII] Vestibulocochlear nerve 
° Labrynthine artery and vein 

Hypoglossal eanal: 

(posterior eranial fossa/neek) 

• [XII] Hypoglossal nerve 


Foramen ovale: 

• [V 2 ] Mandibular division 
of [V] (trigeminal nerve) 


Foramen spinosum: 

• Middle meningeal artery 


Hypoglossal eanal: 

• [XII] Hypoglossal nerve 


Jugular foramen: 

• [IX] Glossopharyngeal nerve 

• [X] Vagus nerve 

• [XI] Aeeessory nerve 

• Internal jugular vein 


Fig.8.28 Summary of foramina and fissures through which major structures enter and leave the eranial eavity. A. Floor of eranial eavity. 
Also indieated are the regions between which eaeh foramen or fissure communicates. B. Inferior aspeet of cranium. 
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ln the elinie 

Medieal imaging of the head 
Radiography 

Llntil two deeades ago the standard method of imaging 
the head was plain radiography. The radiographs are 
taken in three standard projeetions—the posteroanterior 
view, the lateral view, and the Towne's view 
(anteroposterior [AP] axial—head in anatomieal position). 
Additional views are obtained to assess the foramina at 
the base of the skull and the faeial bones. Currently 7 skull 
radiographs are used in eases of trauma, butsuch use is 
deelining. Skull fractures are relatively easily deteeted (Fig. 
8.29). The patient is assessed and treatment is based upon 
the underlying neurological or potential neurological 
eomplieations. 

Computed tomography 

Sinee the development of the first computed tomography 
(CT) seanner, eerebral CT has been the "workhorse" of 
neuroradiological examination. It is ideally used for head 
injury because the brain and its eoverings ean be easily 
and quickly examined and blood is easily deteeted. By 
altering the mathematieal algorithm of the data setthe 
bones ean also be demonstrated. 

With intravenous eontrast, CT angiography ean be used 
to demonstrate the position and the size of an 
intraeerebral aneurysm before endovascular treatment. 


Magnetie resonanee imaging 

Magnetie resonanee imaging (MRI) is unsurpassed by 
other imaging techniques in its ability for eontrast 
resolution. The brain and its eoverings, eerebrospinal fluid 
(CSF), and vertebral column ean be easily and quickly 
examined. Newer imaging sequences permit CSF 
suppression to define periventricular lesions. 

Magnetie resonanee angiography has been extremely 
useful in determining the eompleteness of the intraeranial 
vasculature (eirele of Willis), which is neeessary in some 
surgical eonditions. 

MRI is also a powerful tool in the assessment of earotid 
stenosis. 

illtrasonography 

It is now possible to earry out intraeranial Doppler studies, 
which enable a surgeon to deteet whether a patient is 
experiencing eerebral embolization from a earotid plaque. 

Extracranial ultrasound is extremely important in tumor 
staging and in assessing neek masses and the earotid 
bifurcation (Fig. 8.30). 

Ultrasound is useful in ehildren because they have an 
acoustic window through the fontanelles. 



Fig.8.29 Skull fracture seen on a skull radiograph (patient in supine position). 


(continues) 
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External earotid artery Common earotid artery Common earotid artery 



Internal earotid artery 


Fig. 8.30 Ultrasound seans. A. Normal earotid bifurcation. B. Internal earotid artery stenosis. 


In the elinie 


Fractures of the skull vault 

The skull vault is a remarkably strong structure because it 
proteets our most vital organ, the brain. The shape of the 
skull vault is of eritieal importanee and its biomeehanies 
prevent fracture. From a elinieal standpoint skull fractures 
alert elinieians to the nature 

and foree of an injury and potential eomplieations. The 
fracture itself is usually of little consequence (unlike, say, 
a fracture of the tibia). Of key importanee is the need to 
minimize the extent of primary brain injury and to treat 
potential seeondary eomplieations, rather than focusing 
on the skull fracture. Skull fractures that have particular 
signifieanee include depressed skull fractures, compound 
fractures, and pterion fractures. 

Depressed skull fractures 

In a depressed skull fracture a bony fragment is depressed 
below the normal skull convexity. This may lead to 
seeondary arterial and venous damage with hematoma 
formation. A primary brain injury ean also result from 
this type of fracture. 

Compound fractures 

In a compound fracture there is a fracture of the bone 
together with a breaeh of the skin, which may allow an 


infeetion to enter. Typieally these fractures are assoeiated 
with sealp laeerations and ean usually be treated with 
antibioties. 

Important eomplieations of compound fractures 
include meningitis, which may be fatal. 

A more subtle type of compound fracture involves 
fractures aeross the sinuses. These may not be appreeiated 
on first inspeetion, but are an important potential cause of 
morbidity and should be eonsidered in patients who 
develop intraeranial infeetions seeondary to trauma. 

Pterion fractures 

The pterion is an important elinieal point on the lateral 
aspeet of the skull. To fìnd the preeise point of the pterion, 
an imaginary line 1 ineh (2.5 em) above the zygomatie 
areh, and 1 ineh (2.5 em) posterior to the lateral orbital 
margin will approximate to this region. At the pterion 
the frontal, parietal, greater wing of the sphenoid, and 
temporal bones eome together. Importantly, deep to this 
structure is the middle meningeal artery. An injury to this 
point of the skull is extremely serious because damage to 
this vessel may produce a signifieant extradural 
hematoma, which ean be fatal. 
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MENINGES 

The brain, as well as the spinal eord, is surrounded by three 
layers of membranes (the meninges, Fig. 8.31A) —a 
tough, outer layer (the dura mater), a delieate, middle 
layer (the araehnoid mater), and an inner layer firmly 
attaehed to the surface of the brain (the pia mater). 

The eranial meninges are continuous with, and similar 
to, the spinal meninges through the foramen magnum, 
with one important distinetion—the eranial dura mater 
eonsists of two layers, and only one of these is continuous 
through the foramen magnum (Fig. 8.31B). 

Cranial dura mater 

The eranial dura mater is a thiek, tough, outer eovering of 
the brain. It eonsists of an outer periosteal layer and an 
inner meningeal layer (Fig. 8.31A): 


The outer periosteal layer is firmly attaehed to the 
skull, is the periosteum of the eranial eavity, eontains 
the meningeal arteries, and is continuous with the peri- 
osteum on the outer surface of the skull at the foramen 
magnum and other intraeranial foramina (Fig. 8.31B). 
The inner meningeal layer isin elose eontaet with the 
araehnoid mater and is continuous with the spinal dura 
mater through the foramen magnum. 

The two layers of dura separate from eaeh other at 
numerous loeations to form two unique types of structures 

(Fig. 8.31A): 

■ dural partitions, which projeet inward and ineompletely 
separate parts of the brain, and 

■ intraeranial venous structures. 



Pia mater 


Araehnoid mater 
Dura mater 


Outer periosteal layer of dura mater 


Dural partition (falx eerebri) 


intraeranial venous structure 
superìor sagittal sinus) 


Inner meningeal layer of dura mater 



Meningeal layer of dura mater 


Periosteal layer of dura mater 


Spinal dura mater 



Foramen magnum 




Spinal extradural spaee 
Vertebra Cl 


Fig. 8.31 Cranial meninges. A. Superior eoronal view. B. Continuity with the spinal meninges. 
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Dural partitions 

The diiral partitions projeet into the eranial eavity and 
partially subdivide the eranial eavity. They include the 
falx eerebri, tentorium eerebelli, falx eerebelli, and dia- 
phragma sellae. 

Falx eerebri 

The falxeerebri (Fig. 8.32) is a ereseent-shaped downward 
projeetion of meningeal dura mater from the dura lining 
the ealva that passes between the two eerebral hemi- 
spheres. It is attaehed anteriorly to the erista galli of the 
ethmoid bone and frontal erest of the frontal bone. Poste- 
riorly it is attaehed to and blends with the tentorium 
eerebelli. 

Tentorium eerebelli 

The tentorium eerebelli (Fig. 8.32) is a horizontal projee- 
tion of the meningeal dura mater that eovers and sepa- 
rates the cerebellum in the posterior eranial fossa from the 
posterior parts of the eerebral hemispheres. It is attaehed 
posteriorly to the oeeipital bone along the grooves for 
the transverse sinuses. Laterally, it is attaehed to the 


superior border of the petrous part of the temporal bone, 
ending anteriorly at the anterior and posterior elinoid 
proeesses. 

The anterior and medial borders of the tentorium eer- 
ebelli are free, forming an oval opening in the midline (the 
tentorial noteh), through which the midbrain passes. 

Falx eerebelli 

The falx eerebelli (Fig. 8.32) is a small midline projeetion 
of meningeal dura mater in the posterior eranial fossa. It 
is attaehed posteriorly to the internal oeeipital erest of the 
oeeipital bone and superiorly to the tentorimn eerebelli. Its 
anterior edge is free and is between the two eerebellar 
hemispheres. 

Diaphragma sellae 

The final dural projeetion is the diaphragma sellae (Fig. 
8.32). This small horizontal shelf of meningeal dura mater 
eovers the hypophyseal fossa in the sella turcica of the 
sphenoid bone. There is an opening in the eenter of the 
diaphragma sellae through which passes the infundibu- 
lum, eonneeting the pituitary gland with the base of the 
brain, and any aeeompanying blood vessels. 


Tentorium eerebelli 



Fafx 



Tentorium 

eerebelli 


A 


Diaphragma sellae 


lnfundibulum 



Borders of 
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Fig. 8.32 Dural partitions. A. Diagram. B. Disseetion. 
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Arterial supply 

The arterial supply to the dura mater (Fig. 8.33) travels in 
the outer periosteal layer of the dura and eonsists of: 

anterior meningeal arteries in the anterior eranial 
fossa, 

the middle and aeeessory meningeal arteries in the 

middle eranial fossa, and 

the posterior meningeal artery and other meningeal 
branehes in the posterior eranial fossa. 


The posterior braneh passes in a posterosuperior diree- 
tion, supplying this region of the middle eranial fossa. 

The aeeessory meningeal artery is usually a small 
braneh of the maxillary artery that enters the middle 
eranial fossa through the foramen ovale and supplies areas 
medial to this foramen. 

The posterior meningeal artery and other meningeal 
branehes supplying the dura mater in the posterior eranial 
fossa eome from several sources (Fig. 8.33): 


All are small arteries except for the middle meningeal 
artery, which is much larger and supplies the greatest part 
of the dura. 

The anterior meningeal arteries are branehes of the 

ethmoidal arteries. 

The middle meningeal artery is a braneh of the maxil- 
lary artery. It enters the middle eranial fossa through the 
foramen spinosum and divides into anterior and posterior 
branehes: 

■ The anterior braneh passes in an almost vertieal diree- 
tion to reaeh the vertex of the skull, erossing the pterion 
during its course. 


The posterior meningeal artery, the terminal braneh of 
the aseending pharyngeal artery, enters the poste- 
rior eranial fossa through the jugular foramen. 

■ A meningeal braneh from the aseending pharyngeal 
artery enters the posterior eranial fossa through the 
hypoglossal eanal. 

■ Meningeal branehes from the oeeipital artery enter 
the posterior eranial fossa through the jugular foramen 
and the mastoid foramen. 

A meningeal braneh from the vertebral artery arises 
as the vertebral artery enters the posterior eranial fossa 
through the foramen magnum. 


Position of pterion 


Middle meningeal artery 


Anterior meningeal arteries 
(from ethmoidal arteries) 


Middle 
meningeal artery 


Maxillary artery 



Posterior meningeal artery 
(from aseending 
pharyngeal artery) 


Meningeal braneh 
(from aseending 
pharyngeal artery) 


Meningeal braneh 
(from oeeipital artery) 


Meningeal braneh 
(from vertebral artery) 


Aseendíng pharyngeal artery 
OeeipHal artery 


External earotid artery 


Fig. 8.33 Dural arterial supply. 
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Innervation 

Innervation of the dura mater (Fig. 8.34) is by small men- 
ingeal branehes of all three divisions of the trigeminal 
nerve [V 3 , V 2 , and V 3 ], the vagus nerve [X], and the first, 
seeond, and, sometimes, third eervieal nerves. (Possible 
involvement of the glossopharyngeal [IX] and hypoglossal 
nerves [XII] in the posterior eranial fossa has also been 
reported.) 

In the anterior eranial fossa meningeal branehes from 
the ethmoidal nerves, which are branehes of the ophthal- 
mie nerve [VJ, supply the floor and the anterior part of the 
falx eerebri. 

Additionally, a meningeal braneh of the ophthalmie 
nerve [V 3 ] turns and runs posteriorly, supplying the tento- 
rium eerebelli and the posterior part of the falx eerebri. 

The middle eranial fossa is supplied medially by menin- 
geal branehes from the maxillary nerve [V 2 ] and laterally, 
along the distribution of the middle meningeal artery, by 
meningeal branehes from the mandibular nerve [V 3 ]. 

The posterior eranial fossa is supplied by meningeal 
branehes from the first, seeond, and, sometimes, third eer- 
vieal nerves, which enter the fossa through the foramen 
magnum, the hypoglossal eanal, and the jugular foramen. 
Meningeal branehes of the vagus nerve [X] have also been 
deseribed. (Possible contributions from the glossopharyn- 
geal [IX] and hypoglossal [XII] nerves have also been 
reported.) 


Araehnoid mater 

The araehnoid mater is a thin, avascular membrane that 
lines, but is not adherent to, the inner surface of the dura 


mater (Fig. 8.35). From its inner surface thin proeesses or 
trabeculae extend downward, eross the subarachnoid 
spaee, and beeome continuous with the pia mater. 

Unlike the pia, the araehnoid does not enter the grooves 
or fissures of the brain, except for the longitudinal fissure 
between the two eerebral hemispheres. 


Gervíeal nerves 


Ophthalmie division of 
trigemtnal nerve [Vfi 
(falx eerebri) 
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Fig. 8.34 Dural innervation. 


Araehnoid granulations 


Superior sagittal sinus 

Oerebral vein 


Dura mater 


Araehnoid mater 


Pia mater 



External tablen 


Diploé 

Internal table_ 


Skull 


Extradural spaee 
(potential spaee) 

Subarachnoid spaee 


876 


Fig. 8.35 Arrangement of the meninges and spaees. 
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Pia mater 

The pia mater is a thin, delieate membrane that elosely 
invests the surface of the brain (Fig. 8.35). It follows the 
contours of the brain, entering the grooves and fissures on 
its surface, and is elosely applied to the roots of the eranial 
nerves at their origins. 

Arrangement of meninges and spaees 

There is a unique arrangement of meninges coupled 
with real and potential spaees within the eranial eavity 

(Fig. 8.35). 

A potential spaee is related to the dura mater, while a 
real spaee exists between the araehnoid mater and the pia 
mater. 

Extradural spaee 

The potential spaee between dura mater and bone is the 
extradural spaee (Fig. 8.35). Normally, the outer or peri- 
osteal layer of dura mater is firmly attaehed to the bones 
surrounding the eranial eavity. 

This potential spaee between dura and bone ean beeome 
a flmd-filled actual spaee when a traumatic eventresults in 
a vascular hemorrhage. Bleeding into the extradural spaee 
due to rupture of a meningeal artery or a torn dural venous 
sinus results in an extradural hematoma. 

Subdural spaee 

Anatomieally, a true subdural spaee does not exist. Blood 
eolleeting in this region (subdural hematoma) due to injury 
represents a disseetion of the dural border eell layer, which 


is the innermost lining of the meningeal dura. Dural border 
eells are flattened eells surrounded by extracellular spaees 
filled with amorphous material. While very infrequent, an 
oeeasional eell junction may be seen between these eells 
and the underlying araehnoid layer. Bleeding due to the 
tearing of a eerebral vein as it erosses through the dura to 
enter a dural venous sinus ean result in a subdural 
hematoma. 

Subarachnoid spaee 

Deep to the araehnoid mater is the only normally occur- 
ring fluid-filled spaee assoeiated with the meninges, the 
subarachnoid spaee (Fig. 8.35). It occurs because the 
araehnoid mater elings to the inner surface of the dura 
mater and does not follow the contour of the brain, while 
the pia mater, being against the surface of the brain, elosely 
follows the grooves and fissures on the surface of the brain. 
The narrow subarachnoid spaee is therefore ereated 
between these two membranes (Fig. 8.35). 

The subarachnoid spaee surrounds the brain and spinal 
eord and in eertain loeations it enlarges into expanded 
areas (subarachnoid eisterns). It eontains eerebrospinal 
fluid (CSF) and blood vessels. 

Cerebrospinal fluid is produced by the ehoroid plexus, 
primarily in the ventrieles of the brain. It is a elear, eolor- 
less, eell-free fluid that circulates through the subarach- 
noid spaee surrounding the brain and spinal eord. 

The CSF returns to the venous system through araeh- 
noid villi. These projeet as clumps (araehnoid granula- 
tions) into the superior sagittal sinus, which is a dural 
venous sinus, and its lateral extensions, the lateral 
lacunae (Fig. 8.35). 


In the elinie 

Hydrocephalus 

Hydrocephalus is a dilatation of the eerebral ventricular 
system, which is due to either an obstmetion to the 
flow of CSF r an overproduction of CSF r or a failure of 
reabsorption of CSF. 

Cerebrospinal fluid is seereted by the ehoroid plexus 
within the lateral, third, and fourth ventrieles of the brain. 
As it is produced it passes from the lateral ventrieles 
through the interventricular foramina (the foramina of 
Monro) to enter the third ventriele. From the third 
ventriele it passes through the eerebral aqueduct 
(aqueduct of Sylvius) into the fourth ventriele, and from 
here it passes into the subarachnoid spaee via the midline 
foramen or the two lateral foramina (foramen of Magendie 
and foramina of Luschka). 


The CSF passes around the spinal eord inferiorly, 
envelops the brain superiorly 7 and is absorbed through 
the araehnoid granulations in the walls of the dural 
venous sinuses. In adults almost half a literofCSF is 
produced per day. 

In adults the eommonest cause of hydrocephalus is an 
interruption of the normal CSF absorption through the 
araehnoid granulations. This occurs when blood enters 
the subarachnoid spaee after subarachnoid hemorrhage, 
passes overthe brain, and interferes with normal CSF 
absorption.To prevent severe hydrocephalus it may be 
neeessary to plaee a small eatheter through the brain into 
the ventricular system to relieve the pressure. 

Other causes of hydrocephalus include eongenital 
obstmetion of the aqueduct of Sylvius and a variety of 

(continues) 
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tumors (e.g v a midbrain tomor), where the mass obstmets 
the aqueduct. Rare causes include ehoroid plexus tumors 
that seerete CSF. 

In ehildren, hydrocephalus is always dramatie in its 
later stages. The hydrocephalus inereases the size and 
dimensions of the ventriele, and as a result the brain 
enlarges. Because the skull sutures are not fused r the head 
expands. Cranial enlargement in utero may make a 


vaginal delivery impossible, and delivery then has to be by 
eaesarean seetion. 

Both CT and MRI enable a radiologist to determine the 
site of obstmetion and in most eases the cause of the 
obstruction. A distinetion must be made between 
ventricular enlargement due to hydrocephalus and that 
due to a variety of other causes (e.g v eerebral atrophy). 


In the elinie 


Cerebrospinal f1uid leak 

Leakage of CSF from the subarachnoid spaee may occur 
after any procedure in and around the brain, spinal eord, 
and meningeal membranes. These procedures include 
lumbar spine surgery, epidural injeetion, and CSF 
aspiration. 


In "eerebrospinal fluid leak" syndrome, CSF leaks out of 
the subarachnoid spaee and through the dura mater for 
no apparent reason. The elinieal consequences of this 
include dizziness, nausea, fatigue, and a metallie taste in 
the mouth. Other effeets also include faeial nerve 
weakness and double vision. 


In the elinie 
Meningitis 

Meningitis is a rare infeetion of the leptomeninges (the 
leptomeninges are a eombination of the araehnoid mater 
and the pia mater). infeetion of the meninges typieally 
occurs via a blood-borne route, though in some eases it 
may be by direet spread (e.g v trauma) or from the nasal 
eavities through the eribriform plate in the ethmoid bone. 

Certain types of baeterial inflammation of the meninges 
are so virulent that overwhelming inflammation and sepsis 
with eerebral irritation ean cause the patient to rapidly 
pass into a eoma and die. 

Meningitis is usually treatable with simple antibioties. 


Certain types of baeteria that produce meningitis 
produce other effeets; for example, subcutaneous 
hemorrhage (eeehymoses) is a feature of meningoeoeeal 
meningitis. 

The typieal history of meningitis is nonspeeifie at first. 
The patient may have mild headache,fever, drowsiness, 
and nausea. As the infeetion progresses, photophobia 
(light intoleranee) and eeehymosis may ensue. Straight leg 
raising causes marked neek pain and diseomfort (Kernig's 
sign) and an emergeney hospital admission is warranted. 

Immediate treatment eonsists of very-high-dose 
intravenous antibioties and supportive management. 


In the elinie 

Brain tumors 

Determination of the anatomieal structure from which a 
tumor arises is of the utmost importanee, no more so than 
when it arises within the eranial vault. Misinterpretation of 
the loeation of a lesion and its site of origin may have 
devastating consequences for the patient. 

When assessing any lesion in the brain, it is important 
to define whether it is intra-axial (within the brain) or 
extra-axial (outsidethe brain). 

Typieal extra-axial tumors include meningiomas 
(tumors of the meninges) and acoustic neuromas. 
Meningiomas typieally arise from the meninges, with 
preferred sites including regions at and around the falx 
eerebri, the free edge of the tentorium eerebelli, and 
the anterior margin of the middle eranial fossa. 

Acoustic neuromas are typieally at and around 


the vestibulocochlear nerve [VIII] and in the 
eerebellopontine angle. 

Intra-axial lesions are either primary or seeondary. By 
far the eommonest type are the seeondary brain lesions, 
which in most eases are metastatie tumor deposits. 

Metastatie tumor lesions are typieally found in patients 
with either breast eareinoma or lung eareinoma, though 
many other malignaneies ean give rise to eerebral 
metastases. 

Primary brain lesions are rare and range from benign 
tumors to extremely aggressive lesions with a poor 
prognosis. These tumors arise from the different eell lines 
and include gliomas, oligodendroeytomas, and ehoroid 
plexus tumors. Primary brain tumors may occur at any age, 
though there is a small peak ineidenee in the first few years 
of life followed by a later peak in early to middle age. 
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BRAIN AND ITS BLOOD SUPPLY 
Brain 

The brain is a eomponent of the eentral nervous system. 

During development the brain ean be divided into five 
continuous parts (Figs. 8.36 and 8.37). From rostral (or 
eranial) to caudalthey are: 

The teleneephalon (eerebmm) beeomes the large 
eerebral hemispheres. The surface of these hemispheres 
eonsists of elevations (gyri) and depressions (sulci), and 
the hemispheres are partially separated by a deep longi- 
tudinal fissure. The eerebmm fills the area of the skull 
above the tentorium eerebelli and is subdivided into 
lobes based on position. 

■ The dieneephalon, which is hidden from view in the 
adult brain by the eerebral hemispheres, eonsists of the 
thalamus, hypothalamus, and other related structures, 
and elassieally is eonsidered to be the most rostral part 


of the brainstem. (However, in eommon usage today, the 
term brainstem usually refers to the midbrain, pons, 
and medulla.) 

The meseneephalon (midbrain), which is the first 
part of the brainstem seen when an intaet adult brain 
is examined, loeated at the junction between and in both 
the middle and posterior eranial fossae. 

The meteneephalon, which gives rise to the eerebel- 
lum (eonsisting of two lateral hemispheres and a midline 
part in the posterior eranial fossa below the tentormm 
eerebelli) and the pons (anterior to the cerebellum, and 
is a bulging part of the brainstem in the most anterior 
part of the posterior eranial fossa against the clivus and 
dorsum sellae). 

■ The myeleneephalon (medulla oblongata), the cau- 
dalmost part of the brainstem, ends at the foramen 
magnum or the uppermost rootlets of the first eervieal 
nerve and to which eranial nerves VI to XII are 
attaehed. 


Cerebral hemispheres 
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Fig. 8.36 Lateral view of the brain. 
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Fig. 8.37 Sagittal seetion of the brain. 


Blood supply 

The brain reeeives its arterial supply from two pairs 
of vessels, the vertebral and internal earotid arteries 
(Fig. 8.38), which are intereonneeted in the eranial eavity 
to produce a eerebral arterial eirele (of Willis). 


The two vertebral arteries enter the eranial eavity 
through the foramen magnum and just inferior to the pons 
fuse to form the basilar artery. 

The two internal earotid arteries enter the eranial eavity 
through the earotid eanals on either side. 
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Fig. 8.38 Arterial supply to the brain. A. Diagram. B. Magnetie 
resonanee angiogram showing normal earotid and vertebral arteries. 
C. Enhaneed CT sean of earotid vessels. 
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Vertebral arteries 

Eaeh vertebral artery arises from the first part of eaeh sub- 
elavian artery (Fig. 8.38) in the lower part of the neek, 
and passes superiorly through the transverse foramina of 
the upper six eervieal vertebrae. On entering the eranial 
eavity through the foramen magnum eaeh vertebral artery 
gives off a small meningeal braneh. 

Continuing forward, the vertebral artery gives rise to 
three additional branehes before joining with its eompan- 
ion vessel to form the basilar artery (Figs. 8.38 and 8.39): 

One braneh joins with its eompanion from the other 
side to form the single anterior spinal artery, which 
then deseends in the anterior median fissure of the 
spinal eord. 

A seeond braneh is the posterior spinal artery, which 
passes posteriorly around the medulla and then deseends 
on the posterior surface of the spinal eord in the area of 
the attaehment of the posterior roots—there are two 
posterior spinal arteries, one on eaeh side (although the 
posterior spinal arteries ean originate direetly from the 


vertebral arteries, they more eommonly braneh from 
the posterior inferior eerebellar arteries). 

Just before the two vertebral arteries join, eaeh gives off 

a posterior inferior eerebellar artery. 

The basilar artery travels in a rostral direetion along the 
anterior aspeet of the pons (Fig. 8.39). Its branehes in a 
caudal to rostral direetion include the anterior inferior 
eerebellar arteries, several small pontine arteries, and 
the superior eerebellar arteries. The basilar artery ends 
as a bifurcation, giving rise to two posterior eerebral 
arteries. 

Internal earotid arteries 

The two internal earotid arteries arise as one of the 
two terminal branehes of the eommon earotid arteries 
(Fig. 8.38). They proeeed superiorly to the base of the skull 
where they enter the earotid eanal. 

Entering the eranial eavity eaeh internal earotid artery 
gives off the ophthalmie artery, the posterior commu- 
nieating artery, the middle eerebral artery, and the 
anterior eerebral artery (Fig. 8.39). 
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Fig. 8.39 Arteries on the base of the brain. 
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Cerebral arterial eirde 

The eerebral arterial eirele (of Willis) is formed at the base 
of the brain by the intereonneeting vertebrobasilar and 
internal earotid systems of vessels (Fig. 8.38). This anasto- 
motie intereonneetion is aeeomplished by: 


an anterior communicating artery eonneeting the left 
and right anterior eerebral arteries to eaeh other, and 
two posterior communicating arteries, one on eaeh side, 
eonneeting the internal earotid artery with the poste- 
rior eerebral artery (Figs. 8.38 and 8.39). 


In the elinie 
Stroke 

A stroke, or cerebrovascular aeeident (CVA) ; is defined as 
the intermption of blood flow to the brain or brainstem 
resulting in impaired neurological function lasting more 
than 24 hours. Neurological impairment resolving within 
24 hours is known as a transient isehemie attaek (TIA) or 
mini-stroke. Based on their etiology, strokes are broadly 
elassified as either isehemie or hemorrhagie. isehemie 
strokes are further divided into those caused by 
thrombotie or embolie phenomena. The latter is by far the 
eommonest type of stroke and is often caused by emboli 
that originate from atheroselerotie plaques in the earotid 
arteries that migrate into and bloek smaller intraeranial 
vessels. Hemorrhagie strokes are caused by rupture of 
blood vessels. 

The risk faetors for stroke are those of cardiovascular 
disease, such as diabetes, hypertension, and smoking. In 
younger patients underlying elotting disorders, use of oral 
eontraeeptives, and illieit substance abuse (such as 
eoeaine) are additional causes. 

The symptoms and signs of a stroke depend on the 
distribution of impaired brain perfusion. Common 
presentations include rapid-onset hemiparesis or 
hemisensory loss, visual field defieits, dysarthria, ataxia, 
and a deereased level of consciousness. 

Stroke is a neurological emergeney. It is therefore 
important to establish the diagnosis as early as possible so 
that urgent and potentially life-saving treatment ean be 
administered. Potent thrombolytie (blood-thinning) drugs 
ean restore eerebral blood flow and improved patient 
outcome if administered within 3 to 4.5 hours of onset of 
the patient's symptoms. 

Following initial elinieal history taking and neurological 
eKamination, all patients with suspected stroke should 
undergo urgent brain imaging with computed 
tomography (CT). This is to identify hemorrhagie strokes 
for which thrombolytie therapy is eontraindieated and to 
exclude an alternative diagnosis such as malignaney. In 
isehemie stroke, early CT imaging mayappear normal or 
ean show a relatively darker area of low density that 
eorresponds to the region of abnormal brain perfusion. 
Due to subsequent brain edema and swelling, the affeeted 


brain also loses its normal sulcal pattern ( : ig. 8.40A). If 
thrombolysis is performed, a 24-hour follow-up CT sean is 
routinely earried out to evaluate for eomplieations such as 
intraeranial hemorrhage. 

Additional diagnostie workup of stroke includes 
hematologieal and bioehemieal blood tests to identify 
causes such as hypoglyeemia or underlying elotting 
disorders. A toxicology sereen may be useful to identify 
substance intoxication ; which ean mimie stroke. 

The full extent of neurological injury ean be evaluated 
on subsequent magnetie resonanee imaging (MRI) of the 
brain, which has better soft tissue resolution eompared to 
CT. MRI is also useful for identifying strokes that may be 
too small to deteet on a CT sean. MRI seans are produced 
by using eomplieated algorithms that ereate a series of 
images, also known as sequences. Various sequences 
ean be obtained to assess different anatomieal and 
physiologieal properties of the brain. A stroke, whether 
acute or ehronie, will appear as a bright region on a 
sequence that is sensitive to fluid (T2 weighted) (Fig. 
8.40B). To identify whether a stroke is acute, further 
sequences are obtained, known as diffusion-weighted 
imaging (DWI) (Fig. 8.40C) and the apparent diffusion 
eoeffìeient (ADC) (Fig. 8.40D) map.These evaluate the 
diffusion of water molecules in the brain. If the region of 
abnormality appears bright on the DWI sequence and 
dark on the ADC map, this is known as restrieted diffusion, 
which is eompatible with an acute stroke. These ehanges 
ean persist for up to a week after the initial insult. 

Imaging of the earotid and vertebral arteries is also 
performed to assess for any treatable atheroselerotie 
ehanges and stenosis. This ean be done with ultrasound r 
CT, or less frequently, MRI. 

Management of a stroke is multidisciplinary. Supportive 
treatment to stabilize the patient is a priority. Stroke 
speeialists, speeeh and language therapists, occupational 
therapists, and physiotherapists have key roles in patient 
rehabilitation. Long-term use of antiplatelet drugs such as 
aspirin and modifieation of cardiovascular disease risk 
faetors are important in the seeondary prevention 
of stroke. 


(coritinues) 
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Fig. 8.40 Different imaging modalities used to evaluate a stroke (arrows). A. CT sean. B. T2- weighted CT. C. Diffusion-weighted image 
(DWI). D. Apparent diffusion eoeffieient image (ADC). 
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In the elinie 

Endartereetomy 

Endartereetomy is a surgical procedure to remove 
atheromatous plaque from arteries. 

Atheromatous plaques occur in the subendothelial 
layer of vessels and eonsist of lipid-laden maerophages 
and eholesterol debris. The developing plaque eventually 
accumulates fibrous eonneetive tissue and ealeifies. Plaque 


eommonly occurs around vessel bifurcations 7 limiting 
blood flow, and may embolize to distal organs. 

During endartereetomy, plaque is removed and the 
vessel reopened. In many instanees a pateh of material 
is sewn over the hole in the vessel, enabling improved 
flow and preventing narrowing from the suturing of 
the vessel. 


In the elinie 
intraeerebral aneurysms 

Cerebral aneurysms arise from the vessels in and around 
the eerebral arterial eirele (of Willis). They typieally occur in 
and around the anterior communicating artery, the 
posterior communicating artery, the branehes of the 
middle eerebral artery, the distal end of the basilar artery 
(Fig. 8.41 ), and the posterior inferior eerebellar artery. 

As the aneurysms enlarge, they have a signifieant risk 
of rupture. Typieally patients have no idea that there is 
anything wrong. As the aneurysm ruptures, the patient 
eomplains of a sudden-onset "thunderclap" headaehe that 
produces neek stiffness and may induce vomiting. In a 
number of patients death ensues, but many patients reaeh 
the hospital, where the diagnosis is established. An initial 


CTsean demonstrates blood within the subarachnoid 
spaee, and this may be assoeiated with an intraeerebral 
bleed. Further management usually includes eerebral 
angiography, which enables the radiologist to determine 
the site, size, and origin of the aneurysm. 

Usually patients undergo complex surgery to ligate the 
neek of the aneurysm. More reeently radiologieal 
intervention has superseded the management of some 
aneurysms in speeifie sites.This treatment involves 
cannulation of thefemoral artery, and plaeement of a long 
eatheter through the aorta into the earotid circulation and 
thenee into the eerebral circulation. The tip of the eatheter 
is plaeed within the aneurysm and is paeked with fine 
mieroeoils (Fig. 8.42), which seals the rupture. 



Bastlar tip artery aneurysm 



Posterior 


Fig. 8.41 Basilar tip aneurysm. A. Three-dimensional eranial cutaway CT sean. B. Magnified view of aneurysm. 
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Left and right eerebral arteries 


Left anterior eerebral artery 



Anterior communicating 

artery aneurysm 



Left internal earotid artery 


Mtddle eerebrai artery 



L Anterior communicating artery 
anearysm after it has been sealed 


Fig. 8.42 Anterior communicating aneurysm. A. Left earotid angiogram. B. Left earotid angiogram after embolization. 


Venous drainage 

Venous drainage of the brain begins internally as networks 
of small venous ehannels lead to larger eerebral veins, eer- 
ebellar veins, and veins draining the brainstem, which 
eventually empty into dural venous simises. The dural 
venous sinuses are endothelial-lined spaees between the 
outer periosteal and the inner meningeal layers of the dura 
mater, and eventually lead to the internal jugular veins. 

Also emptyingintothe dural venous sinuses are diploie 
veins, which run between the internal and external tables 
of eompaet bone in the roof of the eranial eavity, and 
emissary veins, which pass from outside the eranial 
eavity to the dural venous sinuses (Fig. 8.43). 

The emissary veins are important elinieally because 
they ean be a conduit through which infeetions ean enter 
the eranial eavity because they have no valves. 

Dural venous sinuses 

The dural venous sinuses include the superior sagittal, 
inferior sagittal, straight, transverse, sigmoid, and oeeipital 
simises, the confluence of sinuses, and the cavernous, 
sphenoparietal, superior petrosal, inferior petrosal, and 
basilar sinuses (Fig. 8.44, Table 8.3). 
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Fig. 8.43 Dural venous sinuses. 
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Fig.8.44 Veins, meninges, and dural venous sinuses. 


Table 8.3 

Dural venous sinuses 


Diiralsiniis 

Loeation 

Reeeives 


Superior sagittal Superior border of falx eerebri Superior eerebral, diploie, and emissary veins and CSF 

Inferior sagittal Inferior margin of falx eerebri A few eerebral veins and veins from the falx eerebri 


Straight 


Junction of falx eerebri and tentorium eerebelli 


Oeeipital In falx eerebelli against oeeipital bone 

Confluence of sinuses Dilated spaee at the internal oeeipital protuberance 


Transverse (right and left) Horizontal extensions from the confìuence of 

sinuses along the posterior and lateral attaehments 
of the tentorium eerebelli 


Sigmoid (right and left) Continuation of transverse sinuses to internal 

jugular vein; groove of parietal, temporal, and 
oeeipital bones 

Cavernous (paired) Lateral aspeet of body of sphenoid 


lntercavernous 
Sphenoparietal (paired) 
Superior petrosal (paired) 
Inferior petrosal (paired) 


Crossing sella turcica 

Inferior surface of lesser wings of sphenoid 

Superior margin of petrous part of temporal bone 

Groove between petrous part of temporal bone 
and oeeipital bone ending in internal jugular vein 


Inferior sagittal sinus, great eerebral vein, posterior 
eerebral veins, superior eerebellar veins, and veins from 
the falx eerebri 

Communicates inferiorly with vertebral plexus of veins 

Superior sagittal, straight, and oeeipital sinuses 

Drainage from confluence of sinuses (right—transverse 
and usually superior sagittal sinuses; left—transverse 
and usually straight sinuses); also superior petrosal 
sinus, and inferior eerebral, eerebellar, diploie, and 
emissary veins 

Transverse sinuses, and eerebral, eerebellar, diploie, and 
emissary veins 

Cerebral and ophthalmie veins, sphenoparietal sinuses, 
and emissary veins from pterygoid plexus of veins 

intereonneet cavernous sinuses 

Diploie and meningeal veins 

Cavernous sinus, and eerebral and eerebellar veins 

Cavernous sinus, eerebellar veins, and veins from the 
internal ear and brainstem 


Clivus, just posterior to sella turcica of sphenoid 


Basilar 


Connect bilateral inferior petrosal sinuses and 
communicate with vertebral plexus of veins 



























Superior sagittal sinus 

The superior sagittal sinus is in the superior border of the 
falx eerebri (Fig. 8.44). It begins anteriorly at the foramen 
cecum, where it may reeeive a small emissary vein from the 
nasal eavity, and ends posteriorly in the confluence of 
sinuses, usually bending to the right to empty into the right 
transverse sinus. The superior sagittal sinus eomrminieates 
with lateral extensions (lateral lacunae) of the sinus eon- 
taining numerous araehnoid granulations. 

The superior sagittal sinus usually reeeives eerebral 
veins from the superior surface of the eerebral hemispheres, 
diploie and emissary veins, and veins from the falx eerebri. 

Inferior sagittal and straight sinuses 

The inferior sagittal sinus is in the inferior margin of the 
falx eerebri (Fig. 8.44). It reeeives a few eerebral veins and 
veins from the falx eerebri, and ends posteriorly at the ante- 
rior edge of the tentorhim eerebelli, where it is joined by 
the great eerebral vein and together with the great eerebral 
vein forms the straight sinus (Fig. 8.44). 

The straight sinus continues posteriorly along the junc- 
tion of the falx eerebri and the tentoriumcerebelli and ends 
in the confluence of sinuses, usually bending to the left to 
empty into the left transverse sinus. 

The straight sinus usually reeeives blood from the infe- 
rior sagittal sinus, eerebral veins (from the posterior part 
of the eerebral hemispheres), the great eerebral vein (drain- 
ing deep areas of the eerebral hemispheres), superior eer- 
ebellar veins, and veins from the falx eerebri. 

Confluence of sinuses, transverse and 
sigmoid sinuses 

The superior sagittal and straight sinuses, and the oeeipital 
sinus (in the falx eerebelli) empty into the confluence of 
sinuses, which is a dilated spaee at the internal oeeipital 
protuberance (Fig. 8.44) and is drained by the right and 
left transverse sinuses. 

The paired transverse sinuses extend in horizontal 
direetions from the confluence of sinuses where the tento- 
rium eerebelli joins the lateral and posterior walls of the 
eranial eavity. 

The right transverse sinus usually reeeives blood from 
the superior sagittal sinus and the left transverse sinus 
usually reeeives blood from the straight sinus. 

The transverse sinuses also reeeive blood from the supe- 
rior petrosal sinus, veins from the inferior parts of the eere- 
bral hemispheres and the cerebellum, and diploie and 
emissary veins. 

As the transverse sinuses leave the surface of the oeeipi- 
tal bone, they beeome the sigmoid sinuses (Fig. 8.44), 
888 which turn inferiorly, grooving the parietal, temporal, and 


oeeipital bones, before ending at the beginning of the inter- 
nal jugular veins. The sigmoid sinuses also reeeive blood 
from eerebral, eerebellar, diploie, and emissary veins. 

Cavernous sinuses 

The paired cavernous sinuses are against the lateral aspeet 
of the body of the sphenoid bone on either side of the sella 
turcica (Fig. 8.45). They are of great elinieal importanee 
because of their eonneetions and the structures that pass 
through them. 

The cavernous sinuses reeeive blood not only from eere- 
bral veins but also from the ophthalmie veins (from the 
orbit) and emissary veins (from the pterygoid plexus 
of veins in the infratemporal fossa). These eonneetions 
provide pathways for infeetions to pass from extracranial 
sites into intraeranial loeations. In addition, because struc- 
tures pass through the cavernous sinuses and are loeated 
in the walls of these sinuses they are vulnerable to injury 
due to inflammation. 

Structures passing through eaeh cavernous sinus are: 

the internal earotid artery, and 
■ the abducent nerve [VI]. 
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Fig. 8.45 Cavernous sinuses. 
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Structures in the lateral wall of eaeh cavernous sinus 
are, from superior to inferior: 

the oculomotor nerve [III], 
the troehlear nerve [IV], 
the ophthalmie nerve [VJ, and 
the maxillary nerve [V 2 ]. 

Connecting the right and left cavernous sinuses are the 
intercavernous sinuses on the anterior and posterior sides 
of the pituitary stalk (Fig. 8.44). 

Sphenoparietal sinuses drain into the anterior ends of 
eaeh cavernous sinus. These small sinuses are along the 
inferior surface of the lesser wings of the sphenoid and 
reeeive blood from the diploie and meningeal veins. 

Superior and inferior petrosal sinuses 

The superior petrosal sinuses drain the cavernous sinuses 
into the transverse sinuses. Eaeh superior petrosal sinus 


begins at the posterior end of the cavernous sinus, passes 
posterolaterally along the superior margin of the petrous 
part of eaeh temporal bone, and eonneets to the transverse 
sinus (Fig. 8.44). The superior petrosal sinuses also reeeive 
eerebral and eerebellar veins. 

The inferior petrosal sinuses also begin at the posterior 
ends of the cavernous sinuses. These bilateral sinuses pass 
posteroinferiorly in a groove between the petrous part of 
the temporal bone and the basal part of the oeeipital bone, 
ending in the internal jugular veins. They assist in draining 
the cavernous sinuses and also reeeive blood from eerebel- 
lar veins and veins from the internal ear and brainstem. 

Basilar sinuses eonneet the inferior petrosal sinuses to 
eaeh other and to the vertebral plexus of veins. They are 
on the clivus, just posterior to the sella turcica of the sphe- 
noid bone (Fig. 8.44). 
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Sealp and meninges 

Summary of relationships and elinieal signifieanee of the sealp and meninges ( : ig. 8.46) 


Connected together 
as a structural unit 


Connective tissue: 

eontains major 
nerves and vessels 
of the sealp 


Aponeurosis 


Superior saggital sinus 


Emissary vein: ean spread infeetion from 
the sealp into the eranial eavity 


Subdural hematoma 




Araehnoìd 


Subarachnoid spaee 


Anterior eerebral artery 


Periostial layer 
Meningeal layer 


Optietraets 



1 Loose eonneetive tissue (danger area) 

• In sealping injuries, this is the layer in which separation occurs. 

• Infeetion ean easily spread in this layer. 

• Blunt trauma ean result in hemorrhage in this layer (blood ean spread 
forward into the faee, resulting in “blaek eyes”). 

2 Rupture of the middle meningeal artery (branehes) by fracture of the inner table of bone 

results in extradural hematoma. Under pressure, the blood progressively separates dura from the bone. 

3 Tear to eerebral vein where it erosses dura to enter eranial venous sinus ean result in subdural hematoma. The tear 
separates a thin layer of meningeal dura from that which remains attaehed to the periosteal layer. As a result, the 
hematoma is eovered by an inner limiting membrane derived from part of the meningeal dura. 

4 Aneurysm 

• Ruptured aneurysms of vessels of the eerebral arterial eirele hemorrhage direetly into the subarachnoid spaee and CSF. 


Fig. 8.46 Sealp and meninges. 
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In the elinie 

Head injury 

Head trauma is a eommon injury and is a signifìeant cause 
of morbidity and death. It typieally occurs in young male 
adults and accounts for approximately 10% of all deaths 
within this age group. Head injury may occur in isolation, 
but often the patient has other injuries; it should always 
be suspected in patients with multiple injuries. Among 
patients with multiple trauma 7 50% die from the 
head injury. 

At the time of the initial head injury two proeesses 
take plaee. 

■ First the primary brain injury may involve primary 
axonal and cellular damage, which results from the 


shearing deeeleration forees within the brain. These 
injuries are generally not repairable. Further primary 
brain injuries include intraeerebral hemorrhage and 
penetrating injuries, which may direetly destroy gray 
and white matter. 

■ The seeondary injuries are sequelae of the initial 
trauma. They include sealp laeeration, fracture of the 
eranial vault, disruption of intraeerebral arteries and 
veins, intraeerebral edema, and infeetion. In most 
eases these ean be treated if diagnosed early, and 
rapid and effeetive treatment will signifieantly 
improve the patient's reeovery and prognosis. 


In the elinie 

Types of intraeranial hemorrhage 
Primary brain hemorrhage 

The many causes of a primary brain hemorrhage include 
aneurysm rupture, hypertension (intraeerebral hematoma 
seeondary to high blood pressure), and bleeding after 
eerebral infaretion. 

Extradural hemorrhage 

An extradural hemorrhage (Fig. 8.47) is caused by arterial 
damage and results from tearing of the branehes of the 
middle meningeal artery, which typieally occurs in the 
region of the pterion. Blood eolleets between the 
periosteal layer of the dura and the ealvaria and under 
arterial pressure slowly expands. 

The typieal history is of a blow to the head (often 
during a sporting aetivity) that produces a minor loss of 
consciousness. Following the injury the patient usually 
regains consciousness and has a lucid interval for a period 
of hours. After this rapid drowsiness and unconsciousness 
ensue, which may lead to death. 


Exìraduraf hemaìoma 



of the faíx eerebri 


Fig. 8.47 Extradural hematoma. Axial CT sean of brain. 

(eontimies) 
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Subdural hematoma 

A subdural hematoma (Fig. 8.48) results from venous 
bleeding, usually from torn eerebral veins where they 
enter the superior sagittal sinus. The tear and resulting 
seepage of blood separates the thin layer of dural border 
eells from the rest of the dura as the hematoma develops. 

Patients at most risk of developing a subdural 
hematoma are the young and elderly. The inereased CSF 
spaee in patients with eerebral atrophy results in a greater 
than normal stress on the eerebral veins entering the 


Lateral ventrieles shifted 



Subduraí hematoma 


Fig. 8.48 Chronic (low-density) subdural hematoma. Axial CT 
sean of brain. 


sagittal sinus. The elinieal history usually includes a trivial 
injury followed by an insidious loss of consciousness or 
alteration of personality. 

Subarachnoid hemorrhage 

Subarachnoid hemorrhage (Fig. 8.49) may occur in 
patients who have undergone signifieant eerebral trauma, 
but typieally it results from a ruptured intraeerebral 
aneurysm arising from the vessels supplying and around 
the arterial eirele (of Willis). 


Subarachnoid basal eisterns eontaining blood 



Fig. 8.49 Subarachnoid hemorrhage. Axial CT sean of brain. 
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In the elinie In the elinie 


Emissary veins 

Emissary veins eonneet extracranial veins with 
intraeranial veins and are important elinieally because 
they ean be a conduit through which infeetions ean 
enter the eranial eavity. Emissary veins laek valves, as do 
the majority of veins in the head and neek. 


Concussion 

Concussion (mild traumatic brain injury [MTBI]) is the 
most eommon type of traumatic brain injury. The injury 
typieally results from a rapid deeeleration of the head or 
by a rotation of the brain within the eranial eavity. 
General symptoms of MTBI ean include posttraumatic 
amnesia, confusion 7 loss of eonseioosness, headaehe, 
dizziness, vomiting, laek of motor eoordination, and 
light sensitivity. The diagnosis of eoneossion, MTBI, is 
based on the event, the current neurological status, and 
the state of consciousness of the patient. 


In the elinie 

eiinieal assessment of patients with head injury 

dinieal assessment of patients with head injury always 
appears relatively straightforward. In reality it is usually far 
from straightforward. 

Patients may have a wide speetmm of modes of injury 
from a simple fall to complex multiple trauma. The age of 
the patient and ability to communicate about the injuries 
are important faetors. 

The circumstances in which the injury may have 
occurred should be documented because some head 
injuries result from a serious assault, and the physieian 
may be required to give evidenee to a court of law. 

Determining the severity of head injury may be difficult 
because some injuries occur as a result of or in assoeiation 
with aleohol intoxication. 

Even when the diagnosis has been made and the 
eorreet management has been instigated, the 
circumstances in which the injury occurred and the 
environment to which the patient will return after 
treatment need to be reviewed to prevent further injuries 


(e.g v an elderly person tripping on loose earpet on a 
stairease). 

A thorough elinieal examination includes all systems, 
but with a speeial focus on the eentral and peripheral 
nervous systems. The level of consciousness must also be 
assessed and accurately documented using the Glasgow 
eoma seale, which allows elinieians to plaee a numerical 
value upon the level of consciousness so that any 
deterioration or improvement ean be measured and 
quantified. 

Glasgovv eoma seale 

The Glasgow eoma seale was proposed in 1974 and is now 
widely aeeepted throughout the world. There is a total 
seore of 15 points, such that 15/15 indieates that the 
patient is alert and fully oriented, whereas 3/15 indieates a 
severe and deep eoma. The points seore eomprises a best 
motor response (total of 6 points), best verbal response 
(total of 5 points), and besteye movement response (total 
of 4 points). 


In the elinie 

Treatment of head injury 

Treatment of primary brain injury is extremely limited. 
Axonal disruption and cellular death are generally 
irreeoverable. Whenever the brain is injured, like most 
tissoes, it swells. Because the brain is eneased within a 
fixed spaee (the skull), swelling impairs eerebral function 
and has two other important effeets. 

■ First, the swelling eompresses the blood supply into 
the skull, resulting in a physiologieally dramatie 
inerease in blood pressure. 

■ Seeond, the eerebral swelling may be diffuse, 
eventually squeezing the brain and brainstem 
through the foramen magnum (eoning). This 


eompression and disruption of the brainstem may 
lead to a loss of basie eardiorespiratory function, and 
death will ensue. Foeal eerebral edema may cause 
one side of the brain to herniate beneath the falx 
eerebri (faleine herniation). 

Simple measures to prevent the swelling include 
hyperventilation (which alters the intraeerebral aeid-base 
balanee and deereases swelling) and intravenous 
eortieosteroids (though theiraetion is often delayed). 

Extracerebral hematoma may be removed surgically. 

The outcome of patients with head injury depends on 
how the seeondary injury is managed. Even with a severe 
primary injury, patients may reeover to lead a normal life. 
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CRANIAL NERVES 

The 12 pairs of eranial nerves are part of the peripheral 
nervous system (PNS) and pass through foramina or fis- 
sures in the eranial eavity. All nerves except one, the aeees- 
sory nerve [XI], originate from the brain. 

In addition to having somatie and viseeral eomponents 
similar to those of spinal nerves, some eranial nerves also 
eontain speeial sensory and motor eomponents ( Tables 8.4 
and 8.5). 


The speeial sensory eomponents are assoeiated with 
hearing, seeing, smelling, balaneing, and tasting. 

Speeial motor eomponents include those that innervate 
skeletal muscles derived embryologieally from the pharyn- 
geal arehes and not from somites. 

In human embryology, six pharyngeal arehes are desig- 
nated, but the fifth pharyngeal areh never develops. Eaeh 
of the pharyngeal arehes that does develop is assoeiated 
with a developing eranial nerve or one of its branehes. 


Table 8.4 Cranial nerve functional eomponents 


Functional eomponent Abbreviation General fimetion 


Cranial nerves eontaining eomponent 


General somatie afferent GSA 

General viseeral afferent GVA 

Speeial afferent* SA 

General somatie efferent GSE 

General viseeral efferent GVE 

Branehial efferent** BE 


Pereeption of touch, pain, temperature 

Sensory input from viseera 

Smell, taste, vision, hearing, and balanee 

Motor innervation to skeletal (voluntary) 
muscles 

Motor innervation to smooth muscle, 
heart muscle, and glands 

Motor innervation to skeletal muscles 
derived from pharyngeal areh mesoderm 


Trigeminal nerve [V]; faeial nerve [VII]; 
glossopharyngeal nerve [IX];vagus nerve [X] 

Glossopharyngeal nerve [IX]; vagus nerve [X] 

Olfaetory nerve [I]; optie nerve [II]; faeial 
nerve [VII]; vestibulocochlear nerve [VIII]; 
glossopharyngeal nerve [IX]; vagus nerve [X] 

Oculomotor nerve [III]; troehlear nerve [IV]; 
abducent nerve [VI]; aeeessory nerve [XI]; 
hypoglossal nerve [XII] 

Oculomotor nerve [III]; faeial nerve [VII]; 
glossopharyngeal nerve [IX];vagus nerve [X] 

Trigeminal nerve [V];facial nerve [VII]; 
glossopharyngeal nerve [IX]; vagus nerve [X] 


Other terminology used when deseribing functional eomponents: 

*Special sensory, or speeial viseeral afferent (SVA): smell, taste. Speeial somatie afferent (SSA): vision, hearing, balanee. 
**Special viseeral efferent (SVE) or branehial motor. 


Table 8.5 Cranial nerves (see Table 8.4 for abbreviations) 

eOMPONENT 


Nerve 


Afferent Efferent Exit from skull 


Function 


Olfaetory nerve [1] SA 

Optie nerve [11] SA 

Oculomotor nerve [111] 

Troehlear nerve [IV] 
Trigeminal nerve [V] GSA 


Cribriform plate of ethmoid bone Smell 


Optie eanal 


Vision 


GSE, GVE Superior orbital fissure 


GSE Superior orbital fissure 

BE Superior orbital fissure— 

ophthalmie division [Vfi 
Foramen rotundum—maxillary 
nerve [V 2 ] 

Foramen ovale—mandibular 
division [V 3 ] 


GSE—innervates levator palpebrae superioris, superior rectus, 
inferior rectus, medial rectus, and inferior oblique muscles 
GVE—innervates sphineter pupillae for pupillary eonstrietion; 
eiliary muscles for aeeommodation of the lens for near vision 

Innervates superior oblique muscle 

GSA—sensory from: ophthalmie division [Vd—eyes, 
conjunctiva, orbital eontents, nasal eavity, frontal sinus, 
ethmoidal eells, upper eyelid, dorsum of nose, anterior part of 
sealp, dura in anterior eranial fossa, superior part of tentorium 
eerebelli; maxillary nerve [V 2 ]—dura in middle eranial fossa, 
nasopharynx, palate, nasal eavity, upper teeth, maxillary sinus, 
skin eovering the side of the nose, lower eyelid, eheek, upper 
lip; mandibular division [V 3 ]—skin of lowerface, eheek, lower 
lip, anterior part of external ear, part of external acoustic 
meatus, temporal fossa, anterior two-thirds of tongue, lower 
teeth, mastoid air eells, mucous membranes of eheek, 
mandible, dura in middle eranial fossa 
BE—innervates temporalis, masseter, medial and lateral 
pterygoids, tensor tympani, tensor veli palatini, anterior belly 
of digastrie, and mylohyoid muscles 
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Table 8.5 Cranial nerves (see Table 8.4 for abbreviations)—eont'd 

eOIVIPONENT 


Nerve 

Abducent nerve [VI] 
Faeial nerve [VII] 


Vestibulocochlear 
nerve [VIII] 

Glossopharyngeal 
nerve [IX] 


Vagus nerve [X] 


Aeeessory nerve [XI] 

Hypoglossal nerve 
[XII] 


Afferent Efferent Exit from skull 


Function 


GSE Superior orbital fissure 

GSA, SA GVE, BE Stylomastoid foramen (nerve 

leaves eranial eavity through 
internal acoustic meatus and 
gives rise to branehes in the faeial 
eanal of the temporal bone prior 
to exiting through the 
stylomastoid foramen; these 
branehes leave the skull through 
otherfìssures and eanals.) 


Innervates lateral rectus muscle 

GSA—sensory from part of external acoustic meatus and 
deeper parts of auricle 

SA—taste from anterior two-thirds of tongue 
GVE—innervates laerimal gland, submandibular and 
sublingual salivary glands, and mucous membranes of nasal 
eavity, hard and soft palates 

BE—innervates muscles of faee (muscles of faeial expression) 
and sealp derived from the seeond pharyngeal areh, and 
stapedius, posterior belly of digastrie, stylohyoid rrmseles 



(Nerve leaves eranial eavity Vestibular division—balanee 

through internal acoustic meatus) Cochlear division—hearing 


GVA, SA, GVE, BE Jugular foramen 
GSA 


GSA, GVE, BE Jugular foramen 
GVA, SA 


GVA—sensoryfrom earotid body and sinus 

GSA—posterior one-third of tongue, palatine tonsils, 

oropharynx, and mucosa of middle ear, pharyngotympanie 

tube, and mastoid air eells 

SA—taste from posterior one-third of tongue 

GVE—innervates parotid salivary gland 

BE—innervates stylopharyngeus muscle 

GSA—sensory from larynx, laryngopharynx, deeper parts of 
auricle, part of external acoustic meatus, and dura in posterior 
eranial fossa 

GVA—sensory from aortie body ehemoreeeptors and aortie 

areh baroreeeptors, esophagus, bronehi, lungs, heart, and 

abdominal viseera of the foregut and midgut 

SA—taste from the epiglottis and pharynx 

GVE—innervates smooth muscle and glands in the pharynx, 

larynx, thoraeie viseera, and abdominal viseera of the foregut 

and midgut 

BE—innervates one tongue muscle (palatoglossus), muscles 
of soft palate (excepttensor veli palatini), pharynx (except 
stylopharyngeus), and larynx 


GSE Jugular foramen Innervates sternoeleidomastoid and trapezius muscles 

GSE Hypoglossal eanal Innervates hyoglossus, genioglossus, and styloglossus 

muscles and all intrinsie muscles of the tongue 
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These eranial nerves earry efferent fibers that innervate 
the musculature derived from the pharyngeal areh. 

Innervation of the musculature derived from the five 
pharyngeal arehes that do develop is as follows: 

first areh—trigeminal nerve [V 3 ], 

seeond areh—faeial nerve [VII], 

third areh—glossopharyngeal nerve [IX], 

fourth areh—superior laryngeal braneh of the vagus 

nerve [X], 

sixth areh—recurrent laryngeal braneh of the vagus 
nerve [X]. 

Olfaetory nerve [1] 

The olfaetory nerve [1] earries speeial afferent (SA) fibers 
for the sense of smell. Its sensory neurons have: 


peripheral proeesses that aet as reeeptors in the nasal 
mucosa, and 

eentral proeesses that return information to the 
brain. 

The reeeptors are in the roof and upper parts of the 
nasal eavity, and the eentral proeesses, after joining into 
small bundles, enter the eranial eavity by passing through 
the eribriform plate of the ethmoid bone (Fig. 8.50). They 
terminate by synapsing with seeondary neurons in the 
olfaetory bulbs (Fig. 8.51). 

Optie nerve [11] 

The optie nerve [II] earries SA fibers for vision. These 
fibers return information to the brain from photoreeeptors 
in the retina. Neuronal proeesses leave the retinal 


Olfaetory bulb 


Optie nerve [11] 


Oculomotor nerve 


Abducent nerve [VI] 
Troehlear nerve [IV] 


Trigeminal nerve [Vì 



Olfaetory nerves [1] 


Aeeessory nerve [XI] 


Ophthalmie nerve [V-,] 

Maxillary nerve [V 2 ] 
Mandibular nerve [V 3 ] 
Trigeminal ganglion 

Faeial nerve [VII] 
Vestibulocochlear nerve [VIII] 


Glossopharyngeal nerve [IX] 
Vagus nerve [X] 

Hypoglossal nerve [XII] 


Fig. 8.50 Oranial nerves exiting the eranial eavity. 
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Faeial nerve [VIII 


Vestibulocochlear 

nerve [VIII] 

Glossopharyngeal 

nerve [IX] 


Vagus nerve [X] 
with eranial root of 

aeeessory 

Aeeessory nerve [XI] 



Olfaetory bulbs 


Temporal lobe 
Optie nerve [Ml 
Oculomotor nerve [111] 


Troehlear nerve [IV] 


Trigeminal nerve [V] 
sensory root 

Trigeminal nerve [V] 
motor root 

Abducent nerve [VI] 
Hypoglossai nen/e [XII] 



Fig. 8.51 Cranial nerves on the base of the brain. 


reeeptors, join into small bundles, and are earried by the 
optie nerves to other eomponents of the visual system in 
the brain. The optie nerves enter the eranial eavity through 
the optie eanals (Fig. 8.50). 

Oeiilomotor nerve [111] 

The oculomotor nerve [III] earries two types of fibers: 

General somatie efferent (GSE) fibers innervate most of 
the extra-ocular muscles. 

■ General viseeral efferent (GVE) fibers are part of the 
parasympathetie part of the autonomic division of 
the PNS. 

The oculomotor nerve [III] leaves the anterior surface of 
the brainstem between the midbrain and the pons (Fig. 
8.5 1). It enters the anterior edge of the tentorhim eerebelli, 
continues in an anterior direetion in the lateral wall of the 
cavernous sinus (Figs. 8.50 and 8.51; see Fig. 8.45), and 
leaves the eranial ea vity through the superior or bital fissur e. 


In the orbit, the GSE fibers in the ooilomotor nerve 
innervate levator palpebrae superioris, superior rectus, 
inferior rectus, medial rectus, andinferior oblique muscles. 

The GVE fibers are preganglionie parasympathetie fibers 
that synapse in the eiliary ganglion and ultimately inner- 
vate the sphineter pupillae muscle, responsible for pupil- 
lary eonstrietion, and the eiliary muscles, responsible for 
aeeommodation of the lens for near vision. 

Troehlear nerve [IV] 

The troehlear nerve [IV] is a eranial nerve that earries 
GSE fibers to innervate the superior oblique muscle, an 
extra-ocular muscle in the orbit. It arises in the midbrain 
and is the only eranial nerve to exit from the posterior 
surface of the brainstem (Fig. 8.51). After curving around 
the midbrain, it enters the inferior surface of the free edge 
of the tentorhim eerebelli, continues in an anterior diree- 
tion in the lateral wall of the cavernous sinus (Figs. 8.50 
and 8.51; see Fig. 8.45), and enters the orbit through the 
superior orbital fissure. 
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Trigeminal nerve [V] 

The trigeminal nerve [V] is the major general sensory 
nerve of the head and also innervates muscles that move 
the lower jaw. It earries general somatie afferent (GSA) and 
branehial efferent (BE) fibers: 

The GSA fibers provide sensory input from the faee, 
anterior one-half of the sealp, mucous membranes of 
the oral and nasal eavities and the paranasal sinuses, 
the nasopharynx, part of the ear and external acoustic 
meatus, part of the tympanie membrane, the orbital 
eontents and conjunctiva, and the dura mater in the 
anterior and middle eranial fossae. 

■ The BE fibers innervate the muscles of mastieation; the 
tensor tympani, tensor veli palatini, and mylohyoid 
muscles; and the anterior belly of the digastrie muscle. 

The trigeminal ner ve exits from the anterolateral surf aee 
of the pons as a large sensory root and a small motor root 
(Fig. 8.51). These roots continue forward out of the poste- 
rior eranial fossa and into the middle eranial fossa by 
passing over the medial tip of the petrous part of the tem- 
poral bone (Fig. 8.50). 

In the middle eranial fossa the sensory root expands into 
the trigeminal ganglion (Fig. 8.50), which eontains eell 
bodies for the sensory neurons in the trigeminal nerve and 
is eomparable to a spinal ganglion. The ganglion is in a 
depression (the trigeminal depression) on the anterior 
surface of the petrous part of the temporal bone, in a dural 
eave (the trigeminal eave). The motor root is below and 
eompletely separate from the sensory root at this point. 

Arising from the anterior border of the trigeminal gan- 
glion are the three terminal divisions of the trigeminal 
nerve, which in deseending order are: 

the ophthalmie nerve (ophthalmie division [Vi]). 
the maxillary nerve (maxillary division [V 2 ]), and 
the mandibular nerve (mandibular division [V 3 ]). 

Ophthalmie nerve [V,] 

The ophthalmie nerve [VJ passes forward in the dura of 
the lateral wall of the cavernous sinus (see Fig. 8.45), 
leaves the eranial eavity, and enters the orbit through the 
superior orbital fissure (Fig. 8.50). 

The ophthalmie nerve [VJ earries sensory branehes 
from the eyes, conjunctiva, and orbital eontents, including 
the laerimal gland. It also reeeives sensory branehes from 
the nasal eavity, frontal sinus, ethmoidal eells, falx eerebri, 
dura in the anterior eranial fossa and superior parts of the 
898 tentorimn eerebelli, upper eyelid, dorsum of the nose, and 

the anterior part of the sealp. 


Maxillary nerve [V 2 ] 

The maxillary nerve [V 2 ] passes forward in the dura mater 
of the lateral wall of the cavernous sinus just inferior to the 
ophthalmie nerve [VJ (see Fig. 8.45), leaves the eranial 
eavity through the foramen rotundum (Fig. 8.50), and 
enters the pterygopalatine fossa. 

The maxillary nerve [V 2 ] reeeives sensory branehes 
from the dura in the middle eranial fossa, the nasophar- 
ynx, the palate, the nasal eavity, teeth of the upper jaw, 
maxillary sinus, and skin eovering the side of the nose, the 
lower eyelid, the eheek, and the upper lip. 

Mandibiilar nerve [V 3 ] 

The mandibular nerve [V 3 ] leaves the inferior margin of 
the trigeminal ganglion and leaves the skull through the 
foramen ovale (Fig. 8.50). 

The motor root of the trigeminal nerve also 
passes through the foramen ovale and unites with the 
sensory eomponent of the mandibular nerve [V 3 ] outside 
the skull. Thus the mandibular nerve [V 3 ] is the only divi- 
sion of the trigeminal nerve that eontains a motor 
eomponent. 

Outside the skull the motor fibers innervate the four 
rmiseles of mastieation (temporalis, masseter, and medial 
and lateral pterygoids), as well as the tensor tympani 
muscle, the tensor veli palatini muscle, the anterior belly 
of the digastrie muscle, and the mylohyoid muscle. 

The mandibular nerve [V 3 ] also reeeives sensory 
branehes from the skin of the lower faee, eheek, lower lip, 
anterior part of the external ear, part of the external 
acoustic meatus and the temporal region, the anterior two- 
thirds of the tongue, the teeth of the lower jaw, the mastoid 
air eells, the mucous membranes of the eheek, the man- 
dible, and dura in the middle eranial fossa. 

Abducent nerve [VI] 

The abducent nerve [VI] earries GSE fibers to innervate 
the lateral rectus muscle in the orbit. It arises from the 
brainstem between the pons and medulla and passes 
forward, piereing the dura eovering the clivus (Figs. 8.50 
and 8.51). Continuing upward in a dural eanal, it erosses 
the superior edge of the petrous temporal bone, enters and 
erosses the cavernous sinus (see Fig. 8.45) just inferolateral 
to the internal earotid artery, and enters the orbit through 
the superior orbital fissure. 

Faeial nerve [VII] 

The faeial nerve [VII] earries GSA, SA, GVE, and BE 
fibers: 
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The GSA fibers provide sensory input from part of the 
external acoustic meatus and deeper parts of the auricle. 
The SA fibers are for taste from the anterior two-thirds 
of the tongue. 

The GVE fibers are part of the parasympathetie part of 
the autonomic division of the PNS and stimulate seere- 
tomotor aetivity in the laerimal gland, submandibular 
and sublingual salivary glands, and glands in the 
mucous membranes of the nasal eavity, and hard and 
soft palates. 

The BE fibers innervate the muscles of the faee (muscles 
of faeial expression) and sealp derived from the seeond 
pharyngeal areh, and the stapedhis muscle, the posterior 
belly of the digastrie muscle, and the stylohyoid muscle. 

The faeial nerve [VII] attaehes to the lateral surface of 
the brainstem, between the pons and medulla oblongata 
(Fig. 8.51). It eonsists of a large motor root and a smaller 
sensory root (the intermediate nerve): 

The intermediate nerve eontains the SA fibers for taste, 
the parasympathetie GVE fibers, and the GSA fibers. 
The larger motor root eontains the BE fibers. 

The motor and sensory roots eross the posterior eranial 
fossa and leave the eranial eavity through the internal 
acoustic meatus (Fig. 8.50). After entering the faeial eanal 
in the petrous part of the temporal bone, the two roots fuse 
and form the faeial nerve [VII]. Near this point the nerve 
enlarges as the geniculate ganglion, which is similar to 
a spinal ganglion eontaining eell bodies for sensory 
neurons. 

At the geniculate ganglion the faeial nerve [VII] 
turns and gives off the greater petrosal nerve, which 
earries mainly preganglionie parasympathetie (GVE) fibers 

(Table 8.6). 

The faeial nerve [VII] continues along the bony eanal, 
giving off the nerve to the stapedius and the ehorda 
tympani, before exiting the skull through the stylomastoid 
foramen. 


The ehorda tympani earries taste (SA) fibers from the 
anterior two-thirds of the tongue and preganglionie para- 
sympathetie (GVE) fibers destined for the submandibular 
ganglion (Table 8.6). 

Vestibulocochlear nerve [VIII] 

The vestibulocochlear nerve [VIII] earries SA fibers for 
hearing and balanee, and eonsists of two divisions: 

■ a vestibular eomponent for balanee, and 
a eoehlear eomponent for hearing. 

The vestibulocochlear nerve [VIII] attaehes to the lateral 
surface of the brainstem, between the pons and medulla, 
after emerging from the internal acoustic meatus and 
erossing the posterior eranial fossa (Figs. 8.50 and 8.51). 
The two divisions eombine into the single nerve seen in the 
posterior eranial fossa within the substance of the petrous 
part of the temporal bone. 

Glossopharyngeal nerve [IX] 

The glossopharyngeal nerve [IX] earries GVA, GSA, SA, 
GVE, and BE fibers: 

The GVA fibers provide sensory input from the earotid 
body and sinus. 

The GSA fibers provide sensory input from the posterior 
one-third of the tongue, palatine tonsils, oropharynx, 
and mucosa of the middle ear, pharyngotympanie tube, 
and mastoid air eells. 

■ The SA fibers are for taste from the posterior one-third 
of the tongue. 

■ The GVE fibers are part of the parasympathetie part of 
the autonomic division of the PNS and stirmilate seere- 
tomotor aetivity in the parotid salivary gland. 

The BE fibers innervate the rmisele derived from 
the third pharyngeal areh (the stylopharyngeus 
muscle). 


Table 8.6 Parasympathetie ganglia of the head 



Cranial nerve origin of 

Braneh supplying preganglionie 


Ganglion 

preganglionie fìbers 

fìberstoganglion 

Function 

Ciliary 

Oculomotor nerve [111] 

Braneh to eiliary ganglion 

Innervation of sphineter pupillae musclefor pupillary 
eonstrietion, and eiliary muscles for aeeommodation 
of the lens for near vision 

Pterygopalatine 

Faeial nerve [VII] 

Greater petrosal nerve 

Innervation of laerimal gland, and mucous glands of 
nasal eavity, maxillary sinus, and palate 

Otie 

Glossopharyngeal nerve [IX] 

Lesser petrosal nerve 

Innervation of parotid gland 

Submandibular 

Faeial nerve [VII] 

Chorda tympani to lingual 

Innervation of submandibular and sublingual glands 
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The glossopharyngeal nerve [IX] arises as several root- 
lets on the anterolateral surface of the upper medulla 
oblongata (Fig. 8.51). The rootlets eross the posterior 
eranial fossa and enter the jugular foramen (Fig. 8.50). 
Within the jugular foramen, and before exiting from it, the 
rootlets merge to form the glossopharyngeal nerve. 

Within or immediately outside the jugular foramen are 
two ganglia (the superior and inferior ganglia), which 
eontain the eell bodies of the sensory neurons in the glos- 
sopharyngeal nerve [IX]. 

Tympanie nerve 

Branehing from the glossopharyngeal nerve [IX] either 
within or immediately outside the jugular foramen is the 
tympanie nerve. This braneh reenters the temporal 
bone, enters the middle ear eavity, and partieipates in 
the formation of the tympanie plexus. Within the 
middle ear eavity it provides sensory innervation to the 
mucosa of the eavity, pharyngotympanie tube, and mastoid 
air eells. 

The tympanie nerve also contributes GVE fibers, which 
leave the tympanie plexus in the lesser petrosal nerve —a 
small nerve that exits the temporal bone, enters the middle 
eranial fossa, and deseends through the foramen ovale to 
exit the eranial eavity earrying preganglionie parasympa- 
thetie fibers to the otie ganglion ( Table 8.6). 

Vagus nerve [X] 

The vagus nerve [X] earries GSA, GVA, SA, GVE, and 
BE fibers: 

■ The GSA fibers provide sensory input from the larynx, 
laryngopharynx, deeper parts of the auricle, part of the 
external acoustic meatus, and the dura mater in the 
posterior eranial fossa. 

The GVA fibers provide sensory input from the aortie 
body ehemoreeeptors and aortie areh baroreeeptors, 
and the esophagus, bronehi, lungs, heart, and abdomi- 
nal viseera in the foregut and midgut. 

The SA fibers are for taste around the epiglottis and 
pharynx. 

The GVE fibers are part of the parasympathetie part of 
the autonomic division of the PNS and stimulate smooth 
muscle and glands in the pharynx, larynx, thoraeie 
viseera, and abdominal viseera of the foregut and 
midgut. 

The BE fibers innervate one imisele of the tongue (pala- 
toglossus), the muscles of the soft palate (except the 
tensor veli palatini), pharynx (except the stylopharyn- 
geus), and larynx. 


The vagus nerve arises as a group of rootlets on the 
anterolateral surface of the medulla oblongata just inferior 
to the rootlets arising to form the glossopharyngeal nerve 

[IX] (Fig. 8.51). The rootlets eross the posterior eranial 
fossa and enter the jugular foramen (Fig. 8.50). Within 
this foramen, and before exiting from it, the rootlets 
merge to form the vagus nerve [X]. Within or immediately 
outside the jugular foramen are two ganglia, the superior 
(jugular) and inferior (nodose) ganglia, which eontain 
the eell bodies of the sensory neurons in the vagus 
nerve [X]. 

Aeeessory nerve [XI] 

The aeeessory nerve [XI] is a eranial nerve that earries GSE 
fibers to innervate the sternoeleidomastoid and trapezius 
muscles. It is a unique eranial nerve because its roots arise 
from motor neurons in the upper five segments of the eer- 
vieal spinal eord. These fibers leave the lateral surface of 
the spinal eord and, joining together as they aseend, enter 
the eranial eavity through the foramen magnum (Fig. 
8.51). The aeeessory ner ve [XI] continues through the pos- 
terior eranial fossa and exits through the jugular foramen 
(Fig. 8.50). It then deseends in the neek to innervate the 
sternoeleidomastoid and trapezhis muscles from their deep 
surfaces. 

Cranial root of the aeeessory nerve 

Some deseriptions of the aeeessory nerve [XI] refer to a 
few rootlets arising from the caudal part of the medulla 
oblongata on the anterolateral surface just inferior to the 
rootlets arising to form the vagus nerve [X] as the “eraniar 
root of the aeeessory nerve (Fig. 8.51). Leaving the 
medulla, the eranial roots course with the “spinaF’ roots 
of the aeeessory nerve [XI] into the jugular foramen, at 
which point the eranial roots join the vagus nerve [X]. As 
part of the vagus nerve [X], they are distributed to the 
pharyngeal musculature innervated by the vagus nerve 

[X] and are therefore deseribed as being part of the vagus 
nerve [X]. 

Hypoglossal nerve [XII] 

The hypoglossal nerve [XII] earries GSE fibers to innervate 
all intrinsie muscles and most of the extrinsic muscles of 
the tongue. It arises as several rootlets from the anterior 
surface of the medulla (Fig. 8.51), passes laterally aeross 
the posterior eranial fossa, and exits through the hypoglos- 
sal eanal (Fig. 8.50). This nerve innervates the hyoglossus, 
styloglossus, and genioglossus muscles and all intrinsie 
muscles of the tongue. 



In the elinie 


Cranial nerve lesions 


Cranial Nerve 


eiinieal Findings 


Olfaetory nerve [1] 
Optie nerve [11] 


Oculomotor nerve 



Lossof smell (anosmia) 

Blindness/visual field abnormalities, loss of 
pupillary eonstrietion 

Dilated pupil, ptosis, loss of normal pupillary 
reflex, eye moves down inferiorly and laterally 
(down and out) 


Troehlear nerve [IV] Inability to look inferiorly when the eye is 

adducted (down and in) 

Trigeminal nerve [V] Loss of sensation and pain in the region 

supplied by the three divisions of the nerve 
over the faee; loss of motor function of the 
muscles of mastieation on the side of the 
lesion 


Abducent nerve [VI] Inability of lateral eye movement 


Faeial nerve [VII] 


Vestibulocochlear 
nerve [VIII] 

Glossopharyngeal 
nerve [IX] 

Vagus nerve [X] 


Paralysis of faeial muscles 
Abnormal taste sensation from the anterior 
two-thirds of the tongue and dry conjunctivae 
Paralysis of eontralateral faeial muscles below 
the eye 

Progressive unilateral hearing loss and 
tinnitus (ringing in the ear) 

Loss of taste to the posterior one-third of the 
tongue and sensation of the soft palate 

Soft palate deviation with deviation of the 
uvula to the normal side; voeal eord paralysis 


Aeeessory nerve [XI] Paralysis of sternoeleidomastoid and trapezius 


muscles 


Hypoglossal nerve 
[XII] 


Atrophy of ipsilateral muscles of the tongue 
and deviation toward the affeeted side; 
speeeh disturbance 


Example of Lesion 

lnjury to the eribriform plate; eongenital absenee 

Direet trauma to the orbit; disruption of the optie 
pathway 

Pressure from an aneurysm arising from the 
posterior communicating, posterior eerebral, or 
superior eerebellar artery; pressure from a 
herniating eerebral uncus (false loealizing sign); 
cavernous sinus mass or thrombosis 

Along the course of the nerve around the 
brainstem; orbital fracture 

Typieally, in the region of the trigeminal 
ganglion, though loeal masses around the 
foramina through which the divisions pass ean 
produce symptoms 


Brain lesion or cavernous sinus lesion extending 
onto the orbit 

Damage to the branehes within the parotid 
gland 

lnjury to temporal bone; viral inflammation of 
nerve 

Brainstem injury 

Tumor at the eerebellopontine angle 


Brainstem lesion; penetrating neek injury 


Brainstem lesion; penetrating neek injury 


Penetrating injury to the posterior triangle of the 
neek 

Penetrating injury to the neek and skull base 
pathology 


ln the elinie 

Overview of eranial nerves 

Oranial nerve ref1exes 

Corneal (blink) reflex Pupillary (light) reflex 

■ Afferent—Trigeminal nerve (CN V) ■ Afferent—optie nerve (CN II) 

■ Efferent—Faeial nerve (CN VII) ■ Efferent—oculomotor nerve (CN III) 

Gag reflex 

■ Afferent—Glossopharyngeal nerve (CN IX) 

■ Efferent—Vagus nerve (CN X) 


(continues) 
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In the dinie—eont'd 



Optie nerve [11] 


Speeial sensory - vision 


Trigeminal nerve [V] motor root 

Branehial motor- the four muscles of mastieation 
(medial pterygoid, lateral pterygoid, masseter, temporalis) 
and mylohyoid, anterior belly of digastrie, tensor tympani, 
and tensor veli palatini 


Olfaetory nerve [1] 

Speeial sensory - smell 


Efferent (motor) fibers 
Afferent (sensory) fibers 


Oculomotor nerve [111] 


Somatie motor-five extra-ocular rrmseles (superior rectus, medial rectus, 


inferior oblique, inferior rectus, and levator palpebrae superioris) 


viseeral motor- eiliary muscles and sphineter pupillae muscles 


Trigeminal nerve [V] sensory root 

Somatie sensory - eyes, orbital eontents, faee, 
sinuses, teeth, nasal eavities, oral eavity, 
nasopharynx, dura, anterior part of external ear, 
and part of external acoustic meatus 


Troehlear nerve [IV] 


Abducent nerve 


Somatie motor - one extra-ocular 


Somatie motor - one extra-ocular 


muscle (lateral rectus) 


muscle (superior oblique) 


Fig. 8.52 Overview of eranial nerves. 
































































Faeial nerve [VII] 




Branehial motor- all mijseles of faeial expression, and 
stapedius, stylohyoid, and posterior belly of digastrie 


Speeial sensory - taste (anterior 2/3 of tongue) 

Somatie sensory - part of external acoustic meatus and 
deeper parts of auricle 

Viseeral motor (parasympathetie) - seeretomotor to all 
salivary glands except for parotid gland; all mucous glands 
assoeiated with the oral and nasal eavities; laerimal gland 


Somatie sensory - larynx, laryngopharynx, deeper parts of 

auricle, and part of external acoustic meatus 

Speeial sensory - taste from epiglottis and pharynx 

Branehial motor - all muscles of pharynx except for 

stylopharyngeus; all muscles of the soft palate except 

for tensor veli palatini, all intrinsie muscles of larynx 

Viseeral motor - (parasympathetie) - thoraeie viseera and 

abdominal viseera to end of midgut 

Viseeral sensory - thoraeie viseera and abdominal viseera 

to end of midgut, ehemo- and baroreeeptors 

(and in some eases earotid body) 


Hypogíossal nerve [XII] 

Somatie motor - all muscles of the 
tongue except palatoglossus 


Somatie motor - sternoeleidomastoid 
and trapezius 


Vagus nerve [X] 


Glossopharyngeal nerve [IX] 

Speeial sensory - taste (posterior 1/3 of tongue) 

Somatie sensory- posterior 1/3 of tongue, oropharynx, 
palatine tonsil, middle ear, pharyngotympanie tube, and 
mastoid air eells 

Branehial motor- stylopharyngeus 

Viseeral motor - (parasympathetie) - seeretomotor to the 

parotid gland 

Viseeral sensory -from earotid body and sinus 


Faeial nerve [VII] (intermediate nerve) 


Vestibulocochlear nerve [VIII] 

Speeial sensory - hearing and balanee 
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FACE 

A faee-to-faee meeting is an important initial eontaet 
between individuals. Part of this exchange is the use of 
faeial expressions to eonvey emotions. In faet, a physieian 
ean gain important information about an individuars 
general health by observing a patient’s faee. 

Thus an understanding of the unique organization 
of the various structures between the superciliary 


arehes superiorly, the lower edge of the mandible inferiorly, 
and as far baek as the ears on either side, the area defined 
as the faee, is particularly useful in the praetiee of 
medieine. 

Musdes 

The muscles of the faee (Fig. 8.53) develop from the seeond 
pharyngeal areh and are innervated by branehes of the 


Anterior auricular 


Superior auricular 


Frontal belly of 
oeeipitofrontalis 




Nasalts 


Levator labii superioris 

alaeque nasi 


Levator labii 
superioris 


Zygomaticus minor 
Zygomaticus major 


Orbicularís oris 


Depressor labii 

inferioris 



Depressor anguli oris 



Oeeipital belly of 
oeeipitofrontalis 


Posterior auricular 


Rtsorius 


Platysma 
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Fig. 8.53 Faeial muscles. 
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faeial nerve [VII]. They are in the siiperfìeial faseia, with 
origins from either bone or faseia, and insertions into 
the skin. 

Because these muscles eontrol expressions of the faee, 
they are sometimes referred to as muscles of ‘Taeial expres- 
sion.” They also aet as sphineters and dilators of the ori- 
fìees of the faee (i.e., the orbits, nose, and mouth). This 


organizational arrangement into functional groups pro- 
vides a logieal approaeh to understanding these muscles 

(Table 8.7). 

Orbital group 

Two muscles are assoeiated with the orbital group—the 
orbicularis oculi and the corrugator supercilii. 


Table 8.7 Muscles of the faee 

Muscle 

Origin 

ORBITAL GROUP 


Orbicularis oculi 
—Palpebral part 

Medial palpebral ligament 

—Orbital part 

Nasal part of frontal bone; 
frontal proeess of maxilla; 
medial palpebral ligament 

Corrugator supercilii 

Medial end of the superciliary 
areh 

NASAL GROUP 

Nasalis 

—Transverse part 

Maxilla just lateral to nose 

—Alar part 

Maxilla over lateral ineisor 

Proeems 

Nasal bone and upper part of 
lateral nasal eartilage 

Depressor septi 

Maxilla above medial ineisor 

ORAL GROUP 


Depressor anguli oris 

Oblique line of mandible below 
eanine, premolar, and first 
molar teeth 

Depressor labii 
inferioris 

Anterior part of oblique line of 
mandible 

Mentalis 

Mandible inferior to ineisor 
teeth 

Risorius 

Faseia over masseter muscle 


Insertion 


Innervation 


Function 


Lateral palpebral raphe 

Fibers form an 
uninterrupted ellipse 
around orbit 

Skin of the medial half of 
eyebrow 


Faeial nerve [VII] Closes the eyelids gently 
Faeial nerve [VII] Closes the eyelids forcefully 


Faeial nerve [VII] Draws the eyebrows medially 

and downward 


Aponeurosis aeross dorsum Faeial nerve [VII] Compresses nasal aperture 
of nose with muscle fibers 
from the other side 

Alar eartilage of nose 


Skin of lower forehead 
between eyebrows 


Mobile part of the nasal 
septum 


Faeial nerve [VII] Draws eartilage downward and 

laterally, opening nostril 

Faeial nerve [VII] Draws down medial angle of 

eyebrows, producing transverse 
wrinkles over bridge of nose 

Faeial nerve [VII] Pulls nose inferiorly 


Skin at the eorner of mouth Faeial nerve [VII] Draws eorner of mouth 


and blending with 
orbicularis oris 


downward and laterally 


Lower lip at midline; blends Faeial nerve [VII] Draws lower lip downward and 


with muscle from opposite 
side 

Skin of ehin 


laterally 


Skin at the eorner of the 
mouth 


Faeial nerve [VII] Raises and protmdes lower lip 

as it wrinkles skin on ehin 

Faeial nerve [VII] Retraets eornerof mouth 
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Table 8.7 Muscles of the faee—eont'd 


Muscle 

Zygomaticus major 
Zygomaticus minor 
Levator labii superioris 


Origin 

Posterior part of lateral surface 
of zygomatie bone 

Anterior part of lateral surface 
of zygomatie bone 

Infra-orbital margin of maxilla 


Levator labii Frontal proeess of maxilla 

superioris alaeque nasi 

Levator anguli oris Maxilla below infra-orbital 

foramen 


Orbicularis oris 

Buccinator 


OTHER MUSCLES OR 
GROUPS 


From muscles in area; maxilla 
and mandible in midline 

Posterior parts of maxilla and 
mandible; pterygomandibular 
raphe 


Anterior auricular Anterior part of temporal 

faseia 


Superior auricular Epieranial aponeurosis on side 

ofhead 

Posterior auricular Mastoid proeess of temporal 

bone 


Oeeipitofrontalis 

—Frontal belly Skin of eyebrows 


Oeeipital belly Lateral part of superior nuchal 

line of oeeipital bone and 
mastoid proeess of temporal 
bone 


Insertion 


Innervation 


Function 


Skin at the eorner of the 
mouth 

Upper lip just medial to 
eorner of mouth 


Faeial nerve [VII] Draws the eorner of the mouth 

upward and laterally 

Faeial nerve [VII] Draws the upper lip upward 


Skin of upper lateral half of Faeial nerve [VII] Raises upper lip; helps form 


upper lip 

Alar eartilage of noseand 
upper lip 


nasolabial furrow 

Faeial nerve [VII] Raises upper lip and opens 

nostril 


Skin at the eorner of mouth Faeial nerve [VII] Raises eorner of mouth; helps 

form nasolabial furrow 

Forms ellipse around mouth Faeial nerve [VII] Closes lips; protmdes lips 


Blends with orbicularis oris 
and into lips 


Faeial nerve [VII] Presses the eheek against teeth; 

eompresses distended eheeks 


Into helix of ear Faeial nerve [VII] 

Upper part of auricle Faeial nerve [VII] 

Convexity of eoneha of ear Faeial nerve [VII] 

Into galea aponeurotica Faeial nerve [VII] 

Into galea aponeurotica Faeial nerve [VII] 


Draws ear upward and forward 

Elevates ear 

Draws ear upward and 
backward 

VVrinkles forehead; raises 
eyebrows 

Draws sealp backward 


Orbicularis oculi 

The orbicularis oculi is a large muscle that eompletely 
surrounds eaeh orbital orifiee and extends into eaeh eyelid 
(Fig. 8.54). It eloses the eyelids. It has two major parts: 

The outer orbital part is a broad ring that eneireles the 
orbital orifiee and extends outward beyond the orbital 
rim. 

The inner palpebral part is in the eyelids and eonsists 
of muscle fibers originating in the medial eorner of the 
eye that areh aeross eaeh lid to attaeh laterally. 

The orbital and palpebral parts have speeifie roles to 
play during eyelid closure. The palpebral part eloses the eye 
gently, whereas the orbital part eloses the eye more foree- 
fully and produces some wrinkling on the forehead. 


An additional small laerimal part of the orbicularis 
oculi muscle is deep, medial in position, and attaehes to 
bone posterior to the laerimal sae of the laerimal apparatus 
in the orbit. 

Corrugator supercilii 

The seeond muscle in the orbital group is the much smaller 
corrugator supercilii (Fig. 8.54), which is deep to the 
eyebrows and the orbicularis oculi muscle and is aetive 
when frowning. It arises from the medial end of the super- 
eiliary areh, passing upward and laterally to insert into the 
skin of the medial half of the eyebrow. It draws the eye- 
brows toward the midline, causing vertieal wrinkles above 
the nose. 
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Corrugator supercilii 




Palpebral 



Fig. 8.54 Orbital group of faeial muscles. 


Nasal group 

Three muscles are assoeiated with the nasal group— 
the nasalis, the procerus, and the depressor septi nasi 

(Fig. 8.55). 

Nasalis 

The largest and best developed of the rmiseles of the nasal 
group is the nasalis, which is aetive when the nares are 
flared (Fig. 8.55). It eonsists of a transversepart (the eom- 
pressor naris) and an alar part (the dilator naris): 

■ The transverse part of the nasalis eompresses the 
nares—it originates from the maxilla and its fibers pass 
upward and medially to insert, along with fibers from 
the same muscle on the opposite side, into an aponeu- 
rosis aeross the dorsum of the nose. 

■ The alar part of the nasalis draws the alar eartilages 
downward and laterally, so opening the nares—it origi- 
nates from the maxilla, below and medial to the trans- 
verse part, and inserts into the alar eartilage. 




Transverse 

part 


-Nasalis 


Alar part 


Procerus 

The proeems is a small muscle superficial to the nasal 
bone and is aetive when an individual frowns (Fig. 8.55). 


Depressor septi nasi 
Fig. 8.55 Nasal group of faeial muscles. 
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It arises from the nasal bone and the upper part of the 
lateral nasal eartilage and inserts into the skin over the 
lower part of the forehead between the eyebrows. It may 
be continuous with the frontal belly of the oeeipitofrontalis 
muscle of the sealp. 

The procerus draws the medial border of the eyebrows 
downward to produce transverse wrinkles over the bridge 
of the nose. 

Depressor septi nasi 

The final rmisele in the nasal group is the depressor septi 
nasi, another muscle that assists in widening the nares 
(Fig. 8.55). Its fibers arise from the maxilla above the 
eentral ineisor tooth and aseend to insert into the lower 
part of the nasal septum. 

The depressor septi nasi pulls the nose inferiorly, so 
assisting the alar part of the nasalis in opening the nares. 


Oral group 

The muscles in the oral group move the lips and 
eheek. They include the orbicularis oris and buccinator 
muscles, and a lower and upper group of muscles (Fig. 
8.56). Many of these muscles interseet just lateral to the 
eorner of the mouth on eaeh side at a structure termed the 
modiolus. 

Orbicularis oris 

The orbicularis oris is a complex muscle eonsisting of 
fibers that eompletely eneirele the mouth (Fig. 8.56). Its 
fiinetion is apparent when pursing the lips, as occurs 
during whistling. Some of its fibers originate near the 
midline from the maxilla superiorly and the mandible infe- 
riorly, whereas other fibers are derived from both the buc- 
einator, in the eheek, and the numerous other muscles 


Levator labii superioris alaeque nasi 


Levator labii superioris 


Zygomaticus minor 


Zygomatieus major 


Modiolus 


Platysma 


Depressor anguli oris 


Depressor labii inferioris 


Levator anguli oris 



Buccinator 


Orbicularis oris 


Mentalis 


Fig. 8.56 Oral group of faeial muscles. 
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aeting on the lips. It inserts into the skin and mucous mem- 
brane of the lips, and into itself. 

Contraction of the orbicularis oris narrows the mouth 
and eloses the lips. 

Buccinator 

The buccinator forms the muscular eomponent of the 
eheek and is used every time air expanding the eheeks is 
forcefully expelled (Figs. 8.56 and 8.57). It is in the spaee 
between the mandible and the maxilla, deep to the other 
faeial muscles in the area. 

The buccinator arises from the posterior part of the 
maxilla and mandible opposite the molar teeth and the 
pterygomandibular raphe, which is a tendinous band 
between the pterygoid hamulus superiorly and the man- 
dible inferiorly and is a point of attaehment for the bucci- 
nator and superior pharyngeal eonstrietor muscles. 


P arot i d 
duct (cuf) 



Buccinator muscle 


Pterygomandibular raphe 


Superior pharyngeal 
eonstrietor muscle 


Fig. 8.57 Buccinator muscle. 


The fibers of the buccinator pass toward the eorner 
of the mouth to insert into the lips, blending with fibers 
fromthe orbicularis oris in a unique fashion. Central fibers 
of the buccinator eross so that lower fibers enter the upper 
lip and upper fibers enter the lower lip (Fig. 8.57). The 
highest and lowest fibers of the buccinator do not eross and 
enter the upper and lower lips, respeetively. 

Contraction of the buccinator presses the eheek against 
the teeth. This keeps the eheek taut and aids in mastieation 
by preventing food from accumulating between the teeth 
and the eheek. The muscle also assists in the forceful expul- 
sion of air from the eheeks. 

Lower group of oral muscles 

The muscles in the lower group eonsist of the depressor 
anguli oris, depressor labii inferioris. and mentalis 

(Fig. 8.56). 

The depressor anguli oris is aetive during frowning. 

It arises along the side of the mandible below the 
eanine, premolar, and first molar teeth and inserts 
into skin and the upper part of the orbicularis oris near 
the eorner of the mouth. It depresses the eorner of the 
mouth. 

The depressor labii inferioris arises from the front 
of the mandible, deep to the depressor anguli oris. Its 
fibers move superiorly and medially, some merging with 
fibers from the same muscle on the opposite side and 
fibers from the orbicularis oris before inserting into the 
lower lip. It depresses the lower lip and moves it 
laterally. 

The mentalis helps position the lip when drinking from 
a cup or when pouting. It is the deepest muscle of the 
lower group arising from the mandible just inferior to 
the ineisor teeth, with its fibers passing downward 
and medially to insert into the skin of the ehin. It raises 
and protmdes the lower lip as it wrinkles the skin of 
the ehin. 

Upper groiip of oral muscles 

The muscles of the upper group of oral muscles eonsist of 
the risorms, zygomaticus major, zygomaticus minor, levator 
labii superioris, levator labii superioris alaeque nasi, and 
levator anguli oris (Fig. 8.56). 

The risorms helps produce a grin (Fig. 8.56). It is a 
thin, superficial muscle that extends laterally from the 
eorner of the mouth in a slightly upward direetion. Con- 
traetion of its fibers pulls the eorner of the mouth later- 
ally and upward. 

■ The zygomaticus major and zygomaticus minor 

help produce a smile (Fig. 8.56). The zygomaticus major 909 
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is a siiperfieial muscle that arises deep to the orbicularis 
oculi along the posterior part of the lateral surface of 
the zygomatie bone, and passes downward and forward, 
blending with the orbicularis oris and inserting into 
skin at the eorner of the mouth. The zygomaticus minor 
arises from the zygomatie bone anterior to the origin of 
the zygomaticus major, parallels the path of the zygo- 
maticus major, and inserts into the upper lip medial to 
the eorner of the mouth. Both zygomaticus muscles 
raise the eorner of the mouth and move it laterally. 

The levator labii superioris deepens the furrow 
between the nose and the eorner of the mouth during 
sadness (Fig. 8.56). It arises from the maxilla just supe- 
rior to the infra-orbital foramen, and its fibers pass 
downward and medially to blend with the orbicularis 
oris and insert into the skin of the upper lip. 

The levator labii superioris alaeque nasi is medial 
to the levator labii superioris, arises from the maxilla 
next to the nose, and inserts into both the alar eartilage 
of the nose and skin of the upper lip (Fig. 8.56). It may 
assist in flaring the nares. 

The levator anguli oris is more deeply plaeed and 
eovered by the other two levators and the zygomaticus 
muscles (Fig. 8.56). It arises from the maxilla, just infe- 
rior to the infra-orbital foramen and inserts into the skin 
at the eorner of the mouth. It elevates the eorner of the 
mouth and may help deepen the furrow between the 
nose and the eorner of the mouth during sadness. 

Other musdes or musde groups 

Several additional muscles or groups of muscles not in 
the area defined as the faee, but derived from the seeond 
pharyngeal areh and innervated by the faeial nerve [VII], 
are eonsidered muscles of faeial expression. They include 
the platysma, auricular, and oeeipitofrontalis muscles 
(see Fig. 8.53). 

Platysma 

The platysma is a large, thin sheet of muscle in the super- 
fieial faseia of the neek. It arises below the elaviele in the 
upper part of the thorax and aseends through the neek to 
the mandible. At this point, the more medial fibers insert 
on the mandible, whereas the lateral fibers join with 
muscles around the mouth. 

The platysma tenses the skin of the neek and ean move 
the lower lip and eorners of the mouth down. 

Auricular muscles 

Three of these muscles, “other muscles of faeial expres- 
sion,” are assoeiated with the ear—the anterior, superior, 
910 and posterior auricular muscles (Fig. 8.58): 


Siiperior auricular 



Anterior auricular 


Posterior auricular 

Fig.8.58 Auricular muscles. 


The anterior muscle is anterolateral and pulls the ear 
upward and forward. 

The superior muscle is superior and elevates the ear. 

■ The posterior muscle is posterior and retraets and ele- 
vates the ear. 

Oeeipitofrontalis 

The oeeipitofrontalis is the final muscle in this eategory 
of “other imiseles of faeial expression” and is assoeiated 
with the sealp (see Fig. 8.53). It eonsists of a frontal belly 
anteriorly and an oeeipital belly posteriorly. An aponeu- 
rotie tendon eonneets the two: 

The frontal belly eovers the forehead and is attaehed 
to the skin of the eyebrows. 

The oeeipital belly arises from the posterior aspeet of the 
skull and is smaller than the frontal belly. 

The oeeipitofrontalis muscles move the sealp and 
wrinkle the forehead. 
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Parotid gland 

The parotid glands are the largest of the three pairs of 
main salivary glands in the head and niimeroiis structures 
pass through them. They are anterior to and below the 
lower half of the ear, superficial, posterior, and deep to the 
ramus of the mandible (Fig. 8.59). They extend down to 
the lower border of the mandible and up to the zygomatie 
areh. Posteriorly they eover the anterior part of the 


sternoeleidomastoid muscle and continue anteriorly to 
halfway aeross the masseter muscle. 

The parotid duct lea ves the anterior edge of the parotid 
gland midway between the zygomatie areh and the eorner 
of the mouth (Fig. 8.59). It erosses the faee in a transverse 
direetion and, after erossing the medial border of the mas- 
seter muscle, turns deeply into the buccal fat pad and 
pierees the buccinator muscle. It opens into the oral eavity 
near the seeond upper molar tooth. 


Maxillary artery and vein 



Zygomatie branehes 


Parotíd duct 


Transverse faeial artery and vein 


Superficial temporal artery and vein 


Buccal branehes 


Buccinator 


Marginal mandibular branehes 


A 



Fadal nerve [VII] 


Posterior auricular artery 
Retromandibular vein 


Parotíd 



External earotid artery 





Cervical branehes 



B Parotid gland Faeial nerve [VII] 


Fig.8.59 Parotid gland. A. Lateral view. B. Cross seetion. 
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Important relationships 

Several major structures enter and pass through or 
pass just deep to the parotid gland. These include the 
faeial nerve [VII], the external earotid artery and its 
branehes, and the retromandibular vein and its tributaries 

(Fig. 8.59). 

Faeial nerve 

The faeial nerve [VII] exits the skull through the stylomas- 
toid foramen and then passes into the parotid gland, where 
it usually divides into upper and lower trunks. These pass 
through the substance of the parotid gland, where there 
may be further branehing and anastomosing of the nerves. 

Five terminal groups of branehes of the faeial nerve 
[VII]—the temporal, zygomatie, buccal, marginal 
mandibular, and eervieal branehes —emerge from 
the upper, anterior, and lower borders of the parotid gland 

(Fig. 8.59). 

The intimate relationships between the faeial nerve 
[VII] and the parotid gland mean that surgical removal of 
the parotid gland is a difficult disseetion if all branehes of 
the faeial nerve [VII] are to be spared. 

External earotid artery and its branehes 

The external earotid artery enters into or passes deep to the 
inferior border of the parotid gland (Fig. 8.59). As it eon- 
tinues in a superior direetion, it gives off the posterior 
auricular artery before dividing into its two terminal 
branehes (the maxillary and superficial temporal 
arteries) near the lower border of the ear: 


The maxillary artery passes horizontally, deep to the 
mandible. 

The superficial temporal artery continues in a superior 
direetion and emerges from the upper border of the 
gland after giving off the transverse faeial artery. 

Retromandibular vein and its tributaries 

The retromandibular vein is formed in the substance of the 
parotid gland when the superficial temporal and maxil- 
lary veins join together (Fig. 8.59), and passes inferiorly 
in the substance of the parotid gland. It usually divides into 
anterior and posterior branehes just below the inferior 
border of the gland. 

Arterial supply 

The parotid gland reeeives its arterial supply from the 
numerous arteries that pass through its substance. 

Innervation 

Sensory innervation of the parotid gland is provided by the 
auriculotemporal nerve, which is a braneh of the man- 
dibular nerve [V 3 ]. This division of the trigeminal nerve 
exits the skull through the foramen ovale. 

The auriculotemporal nerve also earries seeretomotor 
fibers to the parotid gland. These postganglionie parasym- 
pathetie fibers have their origin in the otie ganglion assoei- 
ated with the mandibular nerve [V 3 ] and are just inferior 
to the foramen ovale. Preganglionie parasympathetie fibers 
to the otie ganglion eome from the glossopharyngeal nerve 
[IX]. 
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ln the elinie 


Parotid gland 

The parotid gland is the largest of the paired salivary 
glands and is enelosed within the split investing layer of 
deep eervieal faseia. 

The parotid gland produces a watery saliva and salivary 
amylase, which are neeessary for food bolus formation, 
oral digestion, and smooth passage of the bolus into the 
upper gastrointestinal traet. 

Tumors ofthe parotid gland 

The eommonest tumors of the parotid gland (Fig. 8.60) are 
benign and typieally involve the superficial gland. These 
include pleomorphie adenoma and adenolymphoma. 

Their importanee is in relation to their anatomieal 
position. The relationship of any tumor to the branehes 
of the faeial nerve [VII] must be defìned because 
reseetion of the tumor may damage the nerve. 

Parotid gland stones 

It is not uncommon for stones to develop within the 
parotid gland. They typieally occur within the main 
confluence of the ducts and within the main parotid duct. 
The patient usually eomplains of intense pain when 
salivating and tends to avoid foods that produce this 
symptom. The pain ean be easily reproduced in the elinie 
by squirting lemon juice into the patient's mouth. 

Surgery depends upon where the stone is. If it is within 
the anterior aspeet of the duct, a simple ineision in the 
buccal mucosa with a sphineterotomy may allow removal. 
If the stone is farther baek within the main duct, eomplete 
gland excision may be neeessary. 


Parotid gland Right internal 






Styloid proeess Right jugular vein 


Tumor in 
left parotid gland 


Fig.8.60 Tumor in parotid gland. Axial CT sean. 
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Innervation 

During development a eranial nerve beeomes assoeiated 
with eaeh of the pharyngeal arehes. Because the faee is 
primarily derived from the fìrst and seeond pharyngeal 
arehes, innervation of neighboring faeial structures is as 
follows: 

The trigeminal nerve [V] innervates faeial structures 
derived from the fìrst areh. 

The faeial nerve [VII] innervates faeial structures 
derived from the seeond areh. 

Sensory innervation 

Because the faee is derived developmentally from a number 
of structures originating from the fìrst pharyngeal areh, 
cutaneous innervation of the faee is by branehes of the 
trigeminal nerve [V]. 


The trigeminal nerve [V] divides into three major 
divisions—the ophthalmie [V 3 ], maxillary [V 2 ], and man- 
dibular [V 3 ] nerves—before leaving the middle eranial 
fossa (Fig. 8.61). Eaeh of these divisions passes out of the 
eranial eavity to innervate a part of the faee, so most of 
the skin eovering the faee is innervated solely by branehes 
of the trigeminal nerve [V]. The exception is a small area 
eovering the angle and lower border of the ramus of the 
mandible and parts of the ear, where the faeial [VII], vagus 
[X], and eervieal nerves contribute to the innervation. 

Ophthalmie nerve [V n ] 

The ophthalmie nerve [V^] exits the skull through the 
superior orbital fìssure and enters the orbit. Its branehes 
(Fig. 8.61) that innervate the faee include: 

the supra-orbital and supratrochlear nerves, which 
leave the orbit superiorly and innervate the upper eyelid, 
forehead, and sealp; 


Ophthalmie nerve [V-j] 


Maxillary nerve [V 2 ] 


Zygomatieotemporal nerve 


Supra-orbital nerve 


Siipratroehlear nerve 


Laerimal nerve 


infratroehlear nerve 


External nasaJ nerve 


infra-orbítai nerve 


BuccaJ nerve 


Mental nerve 



Auriculotemporal nerve 


Mandíbular nerve [V 3 ] 


Zygomatíeofaeial nerve 
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Fig. 8.61 Trigeminal nerve [V] leaving the skull. 
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the infratroehlear nerve, which exits the orbit in the 
medial angle to innervate the medial half of the upper 
eyelid, the skin in the area of the medial angle, and the 
side of the nose; 

the laerimal nerve, which exits the orbit in the lateral 
angle to innervate the lateral half of the upper eyelid 
and the skin in the area of the lateral angle; and 
the external nasal nerve, which supplies the anterior 
part of the nose (Fig. 8.62). 

Maxillary nerve [V 2 ] 

The maxillary nerve [V 2 ] exits the skull through the 
foramen rotundum. Branehes (Fig. 8.61) that innervate 
the faee include: 


a small zygomatieotemporal braneh, which exits the 
zygomatie bone and supplies a small area of the anterior 
temple above the zygomatie areh; 
a small zygomatieofaeial braneh, which exits the 
zygomatie bone and supplies a small area of skin over 
the zygomatie bone; and 

■ the large infra-orbital nerve, which exits the maxilla 
through the infra-orbital foramen and immediately 
divides into multiple branehes to supply the lower eyelid, 
eheek, side of the nose, and upper lip (Fig. 8.62). 


OphthatmiG nerve [Vd 


Zygomatieotemporal 


nerves 


Sopratroohlear nerve 
Supra-orbital nerve 


iníratroehlear nerve 


iyiaxilfary nerve [V 2 ] 


External 



nerve 


Infra-orbital nerve 


Zygomatieofaeial 


nerve 


Mental nerve 



Greater oeeipital 

(from posterior 
ramus of C2) 


Auriculotemporal 


nerve 


oeeipital 

posterior ramus of C3) 

Lesser oeeipital nerve 

Lesser oeeipital 
and great auricular 

(from eervieal plexus) 

Great auricular nerve 
(from anterior ramus 
of C2 and C3) 


Buccal nerve 


Mandibular nerve [V : 


Transverse eervieal 

(from anterior ramus of C2 and C3) 


Transverse eervieal 


Fig. 8.62 Cutaneous distribution of the trigeminal nerve [V]. 
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Mandibular nerve [V 3 ] 

The mandibular nerve [V 3 ] exits the skull through the 
foramen ovale. Branehes (Fig. 8.62) innervating the faee 
include: 

the auriculotemporal nerve, which enters the faee 
just posterior to the temporomandibular joint, passes 
through the parotid gland, and aseends just anterior to 
the ear to supply the external acoustic meatus, the 
surface of the tympanie membrane (eardmm), and a 
large area of the temple; 

the buccal nerve, which is on the surface of the buc- 
einator muscle supplying the eheek; and 
■ the mental nerve, which exits the mandible through 
the mental foramen and immediately divides into mul- 
tiple branehes to supply the skin and mucous membrane 
of the lower lip and skin of the ehin (Fig. 8.62). 

Motor innervation 

The muscles of the faee, as well as those assoeiated with 
the external ear and the sealp, are derived from the seeond 
pharyngeal areh. The eranial nerve assoeiated with this 
areh is the faeial nerve [VII] and therefore branehes of the 
faeial nerve [VII] innervate all these muscles. 

The faeial nerve [VII] exits the posterior eranial fossa 
through the internal acoustic meatus. It passes through 
the temporal bone, givingoff severalbranehes, andemerges 
from the base of the skull through the stylomastoid foramen 
(Fig. 8.63). At this point it gives off the posterior auricu- 
lar nerve. This braneh passes upward, behind the ear, to 
supply the oeeipital belly of the oeeipitofrontalis muscle of 
the sealp and the posterior auricular muscle of the ear. 

The main stem of the faeial nerve [VII] then gives off 
another braneh, which innervates the posterior belly of the 
digastrie muscle and the stylohyoid muscle. At this point, 
the faeial nerve [VII] enters the deep surface of the parotid 
gland (Fig. 8.63B). 


Onee in the parotid gland, the main stem of the faeial 
nerve [VII] usually divides into upper (temporofaeial) and 
lower (eervieofaeial) branehes. As these branehes pass 
through the substance of the parotid gland they may 
braneh further or take part in an anastomotie network (the 
parotid plexus). 

Whatever types of intereonneetions occur, five terminal 
groups of branehes of the faeial nerve [VII]—the temporal, 
zygomatie, buccal, marginal mandibular, and eervieal 
branehes—emerge from the parotid gland (Fig. 8.63A). 

Although there are variations in the pattern of distribu- 
tion of the five terminal groups of branehes, the basie 
pattern is as follows: 

■ Temporal branehes exit from the superior border of the 
parotid gland to supply muscles in the area of the 
temple, forehead, and supra-orbital area. 

Zygomatie branehes emerge from the anterosuperior 
border of the parotid gland to supply muscles in the 
infra-orbital area, the lateral nasal area, and the 
upper lip. 

Buccal branehes emerge from the anterior border of the 
parotid gland to supply nmseles in the eheek, the upper 
lip, and the eorner of the mouth. 

Marginal mandibular branehes emerge from the antero- 
inferior border of the parotid gland to supply muscles of 
the lower lip and ehin. 

Cervical branehes emerge from the inferior border of 
the parotid gland to supply the platysma. 

Vessels 

The arterial supply to the faee is primarily from branehes 
of the external earotid artery, though there is some limited 
supply from a braneh of the internal earotid artery. 

Similarly, most of the venous return is baek to the inter- 
nal jugular vein, though some important eonneetions from 
the faee result in venous return through a elinieally rele- 
vant intraeranial pathway involving the cavernous sinus. 
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Temporaí branehes 


ZygomatiG branehes 


Biteeal branehes 


Marginal mandibular branehes 
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Temporofaeial braneh 


Rosterior auricular nerve 
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proeess 
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Digastrie muscle 


Fig. 8.63 Faeial nerve [VII] on the faee. A. Terminal branehes. B. Branehes before entering the parotid gland. 


Arteries 

Faeial artery 

The faeial artery is the major vessel supplying the faee 
(Fig. 8.64). It branehes from the anterior surface of the 
external earotid artery, passes up through the deep struc- 
tures of the neek, and appears at the lower border of the 
mandible after passing posterior to the submandibular 
gland. Curving around the inferior border of the mandible 
just anterior to the masseter, where its pulse ean be felt, the 
faeial artery then enters the faee. From this point the faeial 


artery runs upward and medially in a tortuous course. It 
passes along the side of the nose and terminates as the 
angiilar artery at the medial eorner of the eye. 

Along its path the faeial artery is deep to the platysma, 
risorius, and zygomaticus major and minor, superficial to 
the buccinator and levator anguli oris, and may pass 
superficially to or through the levator labii superioris. 

Branehes of the faeial artery include the superior 
and inferior labial branehes and the lateral nasal braneh 
(Fig. 8.64). 
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Fig. 8.64 Vasculature of the faee. A. Lateral view. B. Branehes of the maxillary artery. 
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The labial branehes arise near the eorner of the mouth: 

The inferior labial braneh supplies the lower lip. 

The superior labial braneh supplies the upper lip, and 
also provides a braneh to the nasal septum. 

Near the midline, the superior and inferior labial 
branehes anastomose with their eompanion arteries from 
the opposite side of the faee. This provides an important 
eonneetion between the faeial arteries and the external 
earotid arteries of opposite sides. 

The lateral nasal braneh is a small braneh arising 
from the faeial artery as it passes along the side of the nose. 
It supplies the lateral surface and dorsum of the nose. 

Transverse faeial artery 

Another contributor to the vascular supply of the faee is 
the transverse faeial artery (Fig. 8.64), which is a braneh 
of the superfìcial temporal artery (the smaller of the two 
terminal branehes of the external earotid artery). 

The transverse faeial artery arises from the superfìcial 
temporal artery within the substance of the parotid gland, 
passes through the gland, and erosses the faee in a trans- 
verse direetion. Lying on the superfìcial surface of the mas- 
seter muscle, it is between the zygomatie areh and the 
parotid duct. 

Branehes of the maxillary artery 

The maxillary artery, the larger of the two terminal 
branehes of the external earotid artery, gives off several 
small branehes which contribute to the arterial supply to 
the faee: 

The infra-orbital artery enters the faee through the 
infra-orbital foramen and supplies the lower eyelid, 
upper lip, and the area between these structures. 

The buccal artery enters the faee on the superfìcial 
surface of the buccinator muscle and supplies struc- 
tures in this area. 

The mental artery enters the faee through the mental 
foramen and supplies the ehin. 


Branehes of the ophthalmie artery 

Three small arteries from the internal earotid artery also 
contribute to the arterial supply of the faee. These vessels 
arise from the ophthalmie artery, a braneh of the inter- 
nal earotid artery, after the ophthalmie artery enters 
the orbit: 

The zygomatieofaeial and zygomatieotemporal 
arteries eome from the laerimal braneh of the ophthal- 
mie artery (Fig. 8.64), enter the faee through the 
zygomatieofaeial and zygomatieotemporal foramina, 
and supply the area of the faee over the zygomatie 
bone. 

■ The dorsal nasal artery, a terminal braneh of the oph- 
thalmie artery, exits the orbit in the medial eorner, and 
supplies the dorsum of the nose. 

Other branehes of the ophthalmie artery (the supra- 
orbital and supratrochlear arteries) supply the anterior 
sealp. 

Veins 

Faeial vein 

The faeial vein is the major vein draining the faee (Fig. 
8.64). Its point of origin is near the medial eorner of the 
orbit as the supratrochlear and supra-orbital veins 
eome together to form the angular vein. This vein beeomes 
the faeial vein as it proeeeds inferiorly and assumes a posi- 
tion just posterior to the faeial artery. The faeial vein 
deseends aeross the faee with the faeial artery until it 
reaehes the inferior border of the mandible. Here the artery 
and vein part eompany and the faeial vein passes superfì- 
eial to the submandibular gland to enter the internal 
jugular vein. 

Throughout its course the faeial vein reeeives tributar- 
ies from veins draining the eyelids, external nose, lips, 
eheek, and ehin that aeeompany the various branehes of 
the faeial arterv. 
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Transverse faeial vein 

The transverse faeial vein is a small vein that aeeompanies 
the transverse faeial artery in its journey aeross the faee 
(Fig. 8.64). It empties into the superficial temporal vein 
within the substance of the parotid gland. 

intraeranial venous eonneetions 

As it erosses the faee, the faeial vein has numerous eonnee- 
tions with venous ehannels passing into deeper regions of 
the head (Fig. 8.65): 

■ near the medial eorner of the orbit, it communicates 
with ophthalmie veins; 

in the area of the eheek it communicates with veins 
passing into the infra-orbital foramen; 
it also communicates with veins passing into deeper 
regions of the faee (i.e., the deep faeial vein eonneeting 
with the pterygoid plexus of veins). 

All these venous ehannels have intereonneetions with 
the intraeranial cavernous sinus through emissary veins 
that eonneet intraeranial with extracranial veins. There 
are no valves in the faeial vein or any other venous 


ehannels in the head, so blood ean move in any direetion. 
Because of the intereonneetions between the veins, infee- 
tions of the faee, primarily above the mouth (i.e., the 
“danger area”) should be handled with great eare to 
prevent the dissemination of infectious material in an 
intraeranial direetion. 

Lymphatie drainage 

Lymphatie drainage from the faee primarily moves toward 
three groups of lymph nodes (Fig. 8.66): 

submental nodes inferior and posterior to the ehin, 
which drain lymphaties from the medial part of the 
lower lip and ehin bilaterally; 

■ submandibular nodes superficial to the submandibu- 
lar gland and inferior to the body of the mandible, which 
drain the lymphaties from the medial eorner of the 
orbit, most of the external nose the medial part of the 
eheek, the upper lip, and the lateral part of the lower lip 
that follows the course of the faeial artery; 
pre-auricular and parotid nodes anterior to the 
ear, which drain lymphaties from most of the eyelids, 
a part of the external nose, and the lateral part of 
the eheek. 
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Fig. 8.65 intraeranial venous eonneetions. 


Fig. 8.66 Lymphatie drainage of the faee. 

































Regional anatomy * Faee 


8 


ln the elinie 

Faeial nerve [VII] palsy (Bell's palsy) 

The complexity of the faeial nerve [VII] is demonstrated by 
the different pathologieal proeesses and sites at vvhieh 
these proeesses occur. 

The faeial nerve [VII] is formed from the nuclei vvithin 
the brainstem emerging at the junction of the pons and 
the medulla. It enters the internal acoustic meatus 7 passes 
to the geniculate ganglion (vvhieh gives rise to further 
branehes), and emerges from the skull base after a 
complex course vvithin the temporal bone, leaving 
through the stylomastoid foramen. It enters the parotid 
gland and gives rise to five terminal groups of branehes 
that supply muscles in the faee and a number of 
additional branehes that supply deeper or more posterior 
muscles. A series of lesions may affeet the nerve along its 
course, and it is possible, with good elinieal expertise, to 
determine the exact site of the lesion in relation to the 
course of the nerve. 

Gentral lesions 

A primary brainstem lesion affeeting the motor nucleus of 
the faeial nerve [VII] would lead to ipsilateral (same side) 
weakness of the whole faee. However, because the upper 
part of the nucleus reeeives motor input from the left and 
right eerebral hemispheres a lesion occurring abovethe 
nucleusleadsto eontralateral lowerfacial weakness. In 
this example, motor innervation to the upper faee is 


spared because the upper part of the nucleus reeeives 
input from both hemispheres. Preservation and loss of 
the speeial functions are determined by the extent 
of the lesion. 

Lesions at and aroand the geniculate ganglion 

Typieally lesions at and around the geniculate ganglion 
are aeeompanied by loss of motor function on the whole 
of the ipsilateral (same) side of the faee. Taste to the 
anterior two-thirds of the tongue, laerimation, and some 
salivation also are likely to be affeeted because the lesion 
is proximal to the greater petrosal and ehorda tympani 
branehesof the nerve. 

Lesions at and aroand the stylomastoid foramen 

Lesions at and around the stylomastoid foramen are the 
eommonest abnormality of the faeial nerve [VII] and 
usually result from a viral inflammation of the nerve within 
the bony eanal before exiting through the stylomastoid 
foramen. Typieally the patient has an ipsilateral loss of 
motor function of the whole side of the faee. Not only 
does this produce an unusual appearanee, but it also 
eomplieates chewing of food. Laerimation and taste may 
not be affeeted if the lesion remains distal to the greater 
petrosal and ehorda tympani branehes that originate deep 
in the temporal bone. 


In the elinie 
Trigeminal neuralgia 

Trigeminal neuralgia (tie douloureux) is a complex sensory 
disorder of the sensory root of the trigeminal nerve. 
Typieally the pain is in the region of the mandibular [V 3 ] 
and maxillary [VJ nerves, and is usually of sudden onset, is 
excruciating in nature, and may be triggered by touching 
a sensitive region of skin. 

The etiology of trigeminal neuralgia is unknown, 
although anomalous blood vessels lying adjaeent to the 


sensory route of the maxillary [V 2 ] and mandibular [V 3 ] 
nerves may be involved. 

If symptoms persist and are unresponsive to medieal 
eare, surgical exploration of the trigeminal nerve (which is 
not without risk) may be neeessary to remove any 
aberrant vessels. 
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SCALP 

The sealp is the part of the head that extends from the 
siipereiliary arehes anteriorly to the external oeeipital pro- 
tuberance and superior nuchal lines posteriorly. Laterally 
it continues inferiorly to the zygomatie areh. 

The sealp is a rmiltilayered structure with layers that 
ean be defined by the word itself: 

S—skin, 

C—eonneetive tissue (dense), 

A—aponeurotic layer, 

L—loose eonneetive tissue, and 
■ P—perieranimn (Fig. 8.67). 

Layers 

Examining the layers of the sealp re veals that the first three 
layers are tightly held together, forming a single unit. This 


Skin Connective tissue (dense) 



Pericranium 


unit is sometimes referred to as the sealp proper and is the 
tissue torn away during serious “sealping” injuries. 

Skin 

The skin is the outer layer of the sealp (Figs. 8.67 and 8.68). 
It is similar structurally to skin throughout the body with 
the exception that hair is present on a large amount of it. 

Connective tissue (dense) 

Deep to the skin is dense eonneetive tissue. This layer 
anehors the skin to the third layer and eontains the arter- 
ies, veins, and nerves supplying the sealp. When the sealp 
is cut, the dense eonneetive tissue surrounding the vessels 
tends to hold cut vessels open. This results in profuse 
bleeding. 

Aponeurotic layer 

The deepest layer of the first three layers is the aponeurotic 
layer. Firmly attaehed to the skin by the dense eonneetive 


Skin Dense eonneetive tissue Aponeurotic layer 



Bone Pericranium Loose eonneetive tissue 


Fig. 8.68 Layers of the sealp. 
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Fig. 8.67 SCALP. 
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tissue of the seeond layer, this layer eonsists of the oeeipi- 
tofrontalis muscle, which has a frontal belly anteriorly, an 
oeeipital belly posteriorly, and an aponeurotic tendon— 
the epieranial aponeiirosis (galea aponeurotica)— 
eonneeting the two (Fig. 8.69). 

The frontal belly of the oeeipitofrontalis begins anteri- 
orly where it is attaehed to the skin of the eyebrows. It 
passes upward, aeross the forehead, to beeome continuous 
with the aponeurotic tendon. 

Posteriorly, eaeh oeeipital belly of the oeeipitofrontalis 
arises from the lateral part of the superior nuchal line of 
the oeeipital bone and the mastoid proeess of the temporal 
bone. It also passes superiorly to attaeh to the aponeurotic 
tendon. 

The oeeipitofrontalis muscles move the sealp, wrinkle 
the forehead, and raise the eyebrows. The frontal belly is 
innervated by temporal branehes of the faeial nerve 


[VII] and the posterior belly by the posterior auricular 
braneh. 

Loose eonneetive tissue 

A layer of loose eonneetive tissue separates the aponeu- 
rotie layer from the perieranhim and faeilitates movement 
of the sealp proper over the ealvaria (Figs. 8.67 and 8.69). 
Because of its eonsisteney, infeetions tend to loealize and 
spread through the loose eonneetive tissue (also see ‘Tn the 
elinie” on p. 890). 

Pericranium 

The perieranmm is the deepest layer of the sealp and is the 
periosteum on the outer surface of the ealvaria. It is 
attaehed to the bones of the ealvaria but is removable, 
except in the area of the sutures. 
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Fig. 8.69 Oeeipitofrontalis muscle. A. Frontal belly. B. Oeeipital belly. 
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Innervation 

Sensory innervation of the sealp is from two major sources, 
eranial nerves or eervieal nerves, depending on whether it 
is anterior or posterior to the ears and the vertex of the 
head (Fig. 8.70), The oeeipitofrontalis nrnsele is innervated 
by branehes of the faeial nerve [VII]. 

Anterior to the ears and the vertex 

Branehes of the trigeminal nerve [V] supply the sealp ante- 
rior to the ears and the vertex of the head (Fig. 8.70). These 
branehes are the supratrochlear, supra-orbital, zygomati- 
eotemporal, and auriculotemporal nerves: 

■ The supratrochlear nerve exits the orbit, passes 
through the frontalis muscle, continues superiorly 
aeross the front of the forehead, and supplies the front 
of the forehead near the midline. 


The supra-orbital nerve exits the orbit through the 
supra-orbital noteh or foramen, passes through the 
frontalis muscle, and continues superiorly aeross 
the sealp as far baek as the vertex of the head. 

The zygomatieotemporal nerve exits the skull 
through a foramen in the zygomatie bone and supplies 
the sealp over a small anterior area of the temple. 

The auriculotemporal nerve exits from the skull, 
deep to the parotid gland, passes just anterior to the ear, 
continues superiorly anterior to the ear until nearly 
reaehing the vertex of the head, and supplies the sealp 
over the temporal region and anterior to the ear to near 
the vertex. 

Posterior to the ears and the vertex 

Posterior to the ears and vertex, sensory innervation of the 
sealp is by eervieal nerves, speeifieally branehes from spinal 
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Fig.8.70 Innervation of the sealp. 
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eord levels C2 and C3 (Fig. 8.70). These branehes are the 
great auricular, the lesser oeeipital, the greater oeeipital, 
and the third oeeipital nerves: 

The great auricular nerve is a braneh of the eervieal 
plexus, arises from the anterior rami of the C2 and C3 
spinal nerves, aseends on the surface of the sterno- 
eleidomastoid muscle, and innervates a small area of 
the sealp just posterior to the ear. 

The lesser oeeipital nerve is also a braneh of the eer- 
vieal plexus, arises from the anterior ramus of the C2 
spinal nerve, aseends on the posterior border of the ster- 
noeleidomastoid muscle, and supplies an area of the 
sealp posterior and superior to the ear. 

The greater oeeipital nerve is a braneh of the poste- 
rior ramus of the C2 spinal nerve, emerges just inferior 


to the obliquus eapitis inferior muscle, aseends superfì- 
eial to the suboccipital triangle, pierees the semispinalis 
eapitis and trapezius imiseles, and then spreads out to 
supply a large part of the posterior sealp as far superi- 
orly as the vertex. 

The third oeeipital nerve is a braneh of the posterior 
ramus of the C3 spinal nerve, pierees the semispinalis 
eapitis and trapezius muscles, and supplies a small area 
of the lower part of the sealp. 

Vessels 

Arteries 

Arteries supplying the sealp (Fig. 8.71) are branehes of 
either the external earotid artery or the ophthalmie artery, 
which is a braneh of the internal earotid artery. 
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Fig. 8.71 Vasculature of the sealp. 
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Branehes from the ophthalmie artery 

The supratrochlear and supra-orbital arteries supply the 
anterior and superior aspeets of the sealp. They braneh 
from the ophthalmie artery while it is in the orbit, continue 
through the orbit, and exit onto the forehead in assoeiation 
with the supratrochlear and supra-orbital nerves. Like the 
nerves, the arteries aseend aeross the forehead to supply 
the sealp as far posteriorly as the vertex of the head. 

Branehes from the external earotid artery 

Three branehes of the external earotid artery supply the 
largest part of the sealp—the superficial temporal, poste- 
rior auricular, and oeeipital arteries supply the lateral and 
posterior aspeets of the sealp (Fig. 8.71): 


it passes through the musculature in the posterior neek 
to join in the formation of the plexus of veins in the 
suboccipital triangle. 

In the elinie 

Sealp laeeration 

The sealp has an extremely rieh blood supply from the 
external earotid arteries, so laeerations of the sealp tend 
to bleed profusely. Importantly, sealp bleeding is 
predominantly arterial, because of two reasons. First, in 
the ereet position the venous pressure is extremely low. 
Seeond, the vessels do not retraet and elose when 
laeerated because the eonneetive tissue in which they 
are found holds them open. 


The smallest braneh (the posterior auricular artery) 

leaves the posterior aspeet of the external earotid artery, 
passes through deeper structures, and emerges to supply 
an area of the sealp posterior to the ear. 

Also arising from the posterior aspeet of the external 
earotid artery is the oeeipital artery, which aseends in 
a posterior direetion, passes through several layers of 
baek musculature, and emerges to supply a large part 
of the posterior aspeet of the sealp. 

The third arterial braneh supplying the sealp is the 
superficial temporal artery, a terminal braneh of the 
external earotid artery that passes superiorly, just ante- 
rior to the ear, divides into anterior and posterior 
branehes, and supplies almost the entire lateral aspeet 
of the sealp. 

Veins 

Veins draining the sealp follow a pattern similar to the 

arteries: 

The supratrochlear and supra-orbital veins drain 
the anterior part of the sealp from the superciliary 
arehes to the vertex of the head (Fig. 8.71), pass inferior 
to the superciliary arehes, communicate with the oph- 
thalmie veins in the orbit, and continue inferiorly to 
partieipate in the formation of the angular vein, which 
is the upper tributary to the faeial vein. 

The superficial temporal vein drains the entire lateral 
area of the sealp before passing inferiorly to join in the 
formation of the retromandibular vein. 

The posterior auricular vein drains the area of the 
sealp posterior to the ear and eventually empties into a 
tributary of the retromandibular vein. 

The oeeipital vein drains the posterior aspeet of the 
sealp from the external oeeipital protuberance and 
superior nuchal lines to the vertex of the head; deeper, 


Lymphatie drainage 

Lymphatie drainage of the sealp generally follows the 
pattern of arterial distribution. 

The lymphaties in the oeeipital region initially drain 
to oeeipital nodes near the attaehment of the trapezhis 
muscle at the base of the skull (Fig. 8.72). Further along 
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Fig. 8.72 Lymphatie drainage of the sealp. 
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the pathway oeeipital nodes drain into upper deep eervieal 
nodes. There is also some direet drainage to upper deep 
eervieal nodes from this part of the sealp. 

Lymphaties from the upper part of the sealp drain in two 
direetions: 

Posterior to the vertex of the head they drain to mastoid 
nodes (retro-auricular/posterior auricular nodes) pos- 
terior to the ear near the mastoid proeess of the tempo- 
ral bone, and efferent vessels from these nodes drain into 
upper deep eervieal nodes. 

Anterior to the vertex of the head they drain to pre- 
auricular and parotid nodes anterior to the ear on the 
surface of the parotid gland. 

Finally, there may be some lymphatie drainage from the 
forehead to the submandibular nodes through efferent 
vessels that follow the faeial artery. 

ORBIT 
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The orbits are bilateral structures in the upper half of the 
faee below the anterior eranial fossa and anterior to the 
middle eranial fossa that eontain the eyeball, the optie 
nerve, the extra-ocular muscles, the laerimal apparatus, 
adipose tissue, faseia, and the nerves and vessels that 
supply these structures. 

Bony orbit 

Seven bones contribute to the framework of eaeh orbit (Fig. 
8.73). They are the maxilla, zygomatie, frontal, ethmoid, 
laerimal, sphenoid, and palatine bones. Together they give 
the bony orbit the shape of a pyramid, with its wide base 
opening anteriorly onto the faee and its apex extending in 
a posteromedial direetion. Completing the pyramid eon- 
fìguration are medial, lateral, superior, and inferior walls. 

The apex of the pyramid-shaped bony orbit is the optie 
foramen, whereas the base (the orbital rim) is formed: 

superiorly by the frontal bone, 

■ medially by the frontal proeess of the maxilla, 

■ inferiorly by the zygomatie proeess of the maxilla and 
the zygomatie bone, and 

laterally by the zygomatie bone, the frontal proeess of 
the zygomatie bone, and the zygomatie proeess of the 
frontal bone. 

Roof 

The roof (superior wall) of the bony orbit is made up of 
the orbital part of the frontal bone with a small contribu- 
tion from the sphenoid bone (Fig. 8.73). This thin plate of 


Fig. 8.73 Bones of the orbit. 

bone separates the eontents of the orbit from the brain in 
the anterior eranial fossa. 

Unique features of the superior wall include: 

anteromedially, the possible intrusion of part of the 
frontal sinus and the troehlear fovea, for the attaehment 
of a pulley through which the superior oblique muscle 
passes; 

anterolaterally, a depression (the laerimal fossa) for the 
orbital part of the laerimal gland. 

Posteriorly, the lesser wing of the sphenoid bone eom- 
pletes the roof. 

Medial wall 

The medial walls of the paired bony orbits are parallel to 
eaeh other and eaeh eonsists of four bones—the maxilla, 
laerimal, ethmoid, and sphenoid bones (Fig. 8.73). 

The largest contributor to the medial wall is the orbital 
plate of the ethmoid bone. This part of the ethmoid bone 
eontains eolleetions of ethmoidal eells, which are elearly 
visible in a dried skull. 

Also visible, at the junction between the roof and the 
medial wall, usually assoeiated with the frontoethmoidal 
suture, are the anterior and posterior ethmoidal 
foramina. The anterior and posterior ethmoidal nerves 
and vessels leave the orbit through these openings. 

Anterior to the ethmoid bone is the small laerimal bone, 
and eompleting the anterior part of the medial wall is the 927 
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frontal proeess of the maxilla. These two bones partieipate 
in the formation of the laerimal groove, which eontains 
the laerimal sae and is bound by the posterior laerimal 
erest (part of the laerimal bone) and the anterior laeri- 
mal erest (part of the maxilla). 

Posterior to the ethmoid bone the medial wall is eom- 
pleted by a small part of the sphenoid bone, whichforms a 
part of the medial wall of the optie eanal. 

Floor 

The floor (inferior wall) of the bony orbit, which is also 
the roof of the maxillary sinus, eonsists primarily of the 
orbital surface of the maxilla (Fig. 8.73), with small eon- 
tributions from the zygomatie and palatine bones. 

Beginning posteriorly and continuing along the lateral 
boundary of the floor of the bony orbit is the inferior orbital 
fissure. Beyond the anterior end of the fissure the zygo- 
matie bone eompletes the floor of the bony orbit. 

Posteriorly, the orbital proeess of the palatine bone 
makes a small contribution to the floor of the bony orbit 
near the junction of the maxilla, ethmoid, and sphenoid 
bones. 

Lateral wall 

The lateral wall of the bony orbit eonsists of contribu- 
tions from two bones—anteriorly, the zygomatie bone 
and posteriorly, the greater wing of the sphenoid bone 
(Fig. 8.73). The superior orbital fissure is between the 
greater wing of the sphenoid and the lesser wing of the 
sphenoid that forms part of the roof. 


Eyelids 

The upper and lower eyelids are anterior structures that, 
when elosed, proteet the surface of the eyeball. 

The spaee between the eyelids, when they are open, is 

the palpebral fissure. 

The layers of the eyelids, from anterior to posterior, 
eonsist of skin, subcutaneous tissue, voluntary muscle, the 
orbital septum, the tarsus, and conjunctiva (Fig. 8.74). 

The upper and lower eyelids are basieally similar in 
structure except for the addition of two muscles in the 
upper eyelid. 

Skin and subcutaneous tissue 

The skin of the eyelids is not particularly substantial, and 
only a thin layer of eonneetive tissue separates the skin 
from the underlying voluntary rmisele layer (Fig. 8.74). 
The thin layer of eonneetive tissue and its loose arrange- 
ment account for the accumulation of fluid (blood) when 
an injury occurs. 

Orbicularis oculi 

The muscle fibers encountered next in an anteroposterior 
direetion through the eyelid belong to the palpebral part 
of the orbicularis oculi (Fig. 8.74). This muscle is part of 
the larger orbicularis oculi muscle, which eonsists primar- 
ily of two parts—an orbital part, which surrounds the 
orbit, and the palpebral part, which is in the eyelids. The 
orbicularis oculi is innervated by the faeial nerve [VII] and 
eloses the eyelids. 


In the elinie 

Orbital fracture 

Fractures of the orbit are not uncommon and may 
involve the orbital margins with extension into the 
maKÌlla, frontal, and zygomatie bones. These fractures 
are often part of complex faeial fractures. Fractures 
within the orbit frequently occur within the floor and 
the medial wall; however, superior and lateral wall 
fractures also occur. Inferior orbital floor fractures are 
one of the eommonest types of injuries. These fractures 
may drag the inferior rectus muscle and assoeiated 
tissues into the fracture line. In these instanees, patients 
may have upward gaze failure (upward gaze diplopia) in 
the affeeted eye. Medial wall fractures eharaeteristieally 
show air within the orbit in radiographs. This is due to 
fracture of the ethmoidal labyrinth, permitting direet 
continuity between the orbit and the ethmoidal 
paranasal sinuses. Oeeasionally, patients feel a full 
sensation within the orbit when blowing the nose. 
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Fig.8.74 Eyelids. 
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The palpebral part is thin and anehored medially by 
the medial palpebral ligament (Fig. 8.75), which 
attaehes to the anterior laerimal erest and laterally blends 
with fibers from the muscle in the lower eyelid at the 
lateral palpebral ligament (Fig. 8. 75). 

A third part of the orbicularis oculi muscle that ean be 
identified eonsists of fibers on the medial border, which 
pass deeply to attaeh to the posterior laerimal erest. These 
fibers form the laerimal part of the orbicularis oculi, which 
may be involved in the drainage of tears. 

Orbital septiim 

Deep to the palpebral part of the orbicularis oculi is an 
extension of periosteum into both the upper and lower 
eyelids from the margin of the orbit (Fig. 8.76). This is the 
orbital septum, which extends downward into the upper 
eyelid and upward into the lower eyelid and is continuous 
with the periosteum outside and inside the orbit (Fig. 8. 76). 
The orbital septum attaehes to the tendon of the levator 
palpebrae superioris muscle in the upper eyelid and attaehes 
to the tarsus in the lower eyelid. 

Tarsus and levator palpebrae superioris 

Providing major support for eaeh eyelid is the tarsus (Fig. 
8.7 7). There is a large superior tarsus in the upper eyelid 
and a smaller inferior tarsus in the lower eyelid (Fig. 
8. 77). Theseplates of dense eonneetive tissue are attaehed 
medially to the anterior laerimal erest of the maxilla by the 
medial palpebral ligament and laterally to the orbital 
tubercle on the zygomatie bone by the lateral palpebral 
ligament. 
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Fig. 8.76 Orbital septum. 
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Fig. 8.75 Orbicularis oculi muscle. 


Fig. 8.77 Tarsal plates. 
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Although the tarsal plates intheupper andlower eyelids 
are generally similar in structure and fiinetion, there is 
one unique differenee. Assoeiated with the tarsus in the 
upper eyelid is the levator palpebrae superioris muscle 
(Fig. 8.77), which raises the eyelid. Its origin is from 
the posterior part of the roof of the orbit, just superior to 
the optie foramen, and it inserts into the anterior surface 
of the superior tarsus, with the possibility of a few fibers 
attaehing to the skin of the upper eyelid. It is innervated 
by the oculomotor nerve [III]. 

In eompanion with the levator palpebrae superioris 
muscle is a eolleetion of smooth muscle fibers passing from 
the inferior surface of the levator to the upper edge of the 
superior tarsus (see Fig. 8.74). Innervated by postgangli- 
onie sympathetie fibers from the superior eervieal gan- 
glion, this muscle is the superior tarsal muscle. 

Loss of fiinetion of either the levator palpebrae superi- 
oris muscle or the superior tarsal muscle results in a ptosis 
or drooping of the upper eyelid. 

Conjunctiva 

The structure of the eyelid is eompleted by a thin mem- 
brane (the conjunctiva), which eovers the posterior 
surface of eaeh eyelid (see Fig. 8.74). This membrane 
eovers the full extent of the posterior surface of eaeh eyelid 
before refleeting onto the outer surface (selera) of the 
eyeball. It attaehes to the eyeball at the junction between 
the selera and the eornea. With this membrane in plaee, a 
conjunctival sae is formed when the eyelids are elosed, 
and the upper and lower extensions of this sae are the 
superior and inferior conjunctival forniees (Fig. 8.74). 

Glands 

Embedded in the tarsal plates are tarsal glands (see Fig. 
8.74), which empty onto the free margin of eaeh eyelid. 
These glands are modified sebaceous glands and seerete an 
oily substance that inereases the viseosity of the tears and 
deereases the rate of evaporation of tears from the surface 
of the eyeball. Bloekage and inflammation of a tarsal gland 
is a ehalazion and is on the inner surface of the eyelid. 

The tarsal glands are not the only glands assoeiated 
with the eyelids. Assoeiated with the eyelash follieles are 
sebaceous and sweat glands (see Fig. 8.74). Bloekage and 


inflammation of either of these is a stye and is on the edge 
of the eyelid. 

Vessels 

The arterial supply to the eyelids is from the numerous 
vessels in the area (Fig. 8.78). They include: 

the supratrochlear, supra-orbital, laerimal, and dorsal 
nasal arteries from the ophthalmie artery; 
the angular artery from the faeial artery; 
the transverse faeial artery from the superficial tempo- 
ral artery; and 

■ branehes from the superficial temporal artery itself. 

Venous drainage follows an external pattern through 
veins assoeiated with the various arteries and an internal 
pattern moving into the orbit through eonneetions with 
the ophthalmie veins. 

Lymphatie drainage is primarily to the parotid nodes, 
with some drainage from the medial eorner of the eye 
along lymphatie vessels assoeiated with the angular and 
faeial arteries to the submandibular nodes. 
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Fig.8.78 Vasculature of the eyelids. 
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Innervation 

Innervation of the eyelids includes both sensory and motor 
eomponents. 

The sensory nerves are all branehes of the trigeminal 
nerve [V] (Fig. 8.79). Palpebral branehes arise from: 

the supra-orbital, supratrochlear, infratroehlear, and 
laerimal branehes of the ophthalmie nerve [Vi]; and 
the infra-orbital braneh of the maxillary nerve [V 2 ]. 

Motor innervation is from: 

the faeial nerve [VII], which innervates the palpebral 
part of the orbicularis oculi; 

■ the oculomotor nerve [III], which innervates the levator 
palpebrae superioris; and 

sympathetie fibers, which innervate the superior tarsal 
muscle. 

Loss of innervation of the orbicularis oculi by the faeial 
nerve [VII] causes an inability to elose the eyelids tightly 
and the lower eyelid droops away, resulting in a spillage of 
tears. 

Loss of innervation of the levator palpebrae superioris 
by the oculomotor nerve causes an inability to open the 
superior eyelid voluntarily, producing a eomplete ptosis. 

Loss of innervation of the superior tarsal muscle by 
sympathetie fibers causes a eonstant partial ptosis. 
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ln the elinie 
Horner's syndrome 

Horner's syndrome is caused by any lesion that leads to 
a loss of sympathetie function in the head. It is 
eharaeterized by three typieal features: 

■ pupillary eonstrietion due to paralysis of the dilator 
pupillae muscle, 

■ partial ptosis (drooping of the upper eyelid) due to 
paralysis of the superior tarsal mosele, and 

■ absenee of sweating on the ipsilateral side of the 
faee and the neek due to absenee of innervation of 
the sweat glands. 

Seeondary ehanges may also include: 

■ ipsilateral vasodilation due to loss of the normal 
sympathetie eontrol of the subcutaneous blood 
vessels, and 

■ enophthalmos (sinking of the eye)—believed to 
result from paralysis of the orbitalis mosele, 
although this is an uncommon feature of Horner's 
syndrome. 

The orbitalis muscle spans the inferior orbital fissure 
and helps maintain the forward position of orbital 
eontents. 

The eommonest cause for Horner's syndrome is a 
tumor eroding the eervieothoraeie ganglion, which is 
typieally an apieal lung tumor. 

Surgically induced Homer's syndrome 

A surgically induced Horner's syndrome may be 
neeessary for patients who suffer severe hyperhidrosis 
(sweating). This often debilitating eondition may be 
so severe that patients are eonfined to their home 
for fear of embarrassment. Treatment is relatively 
straightforward. The patient is anesthetized and a 
bifurcate endotraeheal tube is plaeed into the left and 
right main bronehi. A small ineision is made in the 
intereostal spaee on the appropriate side, and a 
surgically induced pneumothorax is ereated. The patient 
is ventilated through the eontralateral lung. 

Llsing an endoseope the apex of the thoraeie eavity 
ean be viewed from inside and the eervieothoraeie 
ganglion readily identified. Obliterative techniques 
include thermocoagulation and surgical excision. After 
the ganglion has been destroyed, the endoseope is 
removed, the lung is reinflated, and the small hole is 
sutured. 


Fig. 8.79 Innervation of the eyelids. 
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Laerimal apparatus 


The larger orbital part is in a depression, the laerimal 
fossa, in the frontal bone. 


The laerimal apparatus is involved in the production, The smaller palpebral part is inferior to the levator 


movement, and drainage of fluid from the surface of the 
eyeball. It is made up of the laerimal gland and its ducts, 

the laerimal canaliculi, the laerimal sae, and the naso- 
laerimal duct. 

The laerimal gland is anterior in the superolateral 
region of the orbit (Fig. 8.80) and is divided into two parts 
by the levator palpebrae superioris (Fig. 8.81): 
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palpebrae superioris in the superolateral part of the 
eyelid. 


Numerous ducts empty the glandular seeretions into 
the lateral part of the superior fornix of the conjunctiva. 

Fluid is continually being seereted by the laerimal gland 
and moved aeross the surface of the eyeball from lateral to 
medial as the eyelids blink. 

The fluid accumulates medially in the laerimal lake 
and is drained from the lake by the laerimal canaliculi, one 
canaliculus assoeiated with eaeh eyelid (Fig. 8.80). The 
laerimal punctum is the opening through which fluid 
enters eaeh canaliculus. 

Passing medially, the laerimal canaliculi eventually join 
the laerimal sae between the anterior and posterior laeri- 
mal erests, posterior to the medial palpebral ligament and 
anterior to the laerimal part of the orbicularis oculi nrnsele 
(Figs. 8.82 and 8.83). When the orbicularis oculi muscle 
eontraets during blinking, the small laerimal part of the 
muscle may dilate the laerimal sae and draw tears into it 
through the canaliculi from the conjunctival sae. 


Fig. 8.80 Laerimal gland, anterior view. 


Laerimal vessels and nerve 


P u neta 


Orbital part of laerimal gland 


Orbital septum 


Tendon of 
levator palpebrae 


Palpebral part of 
laerimal gland 



supenons 



Laerimal canaliculi 

Laerimal sae 


932 


Fig. 8.81 Laerimal gland and levator palpebrae superioris 


Fig. 8.82 The laerimal sae 
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Innervation 

The innervation of the laerimal gland involves three differ- 
ent eomponents (Fig. 8.84). 

Sensory innervation 

Sensory neurons from the laerimal gland return to the CNS 
through the laerimal braneh of the ophthalmie nerve [Vi]. 

Seeretomotor (parasympathetie) innervation 

Seeretomotor fibers from the parasympathetie part of the 
autonomic division of the PNS stinmlate fluid seeretion 


from the laerimal gland. These preganglionie parasympa- 
thetie neurons leave the CNS in the faeial nerve [VII], enter 
the greater petrosal nerve (a braneh of the faeial nerve 
[VII]), and continue with this nerve until it beeomes the 
nerve of the pterygoid eanal (Fig. 8.84). 

The nerve of the pterygoid eanal eventually joins the 
pterygopalatine ganglion where the preganglionie para- 
sympathetie neurons synapse on postganglionie parasym- 
pathetie neurons. The postganglionie neurons join the 
maxillary nerve [V 2 ] and continue with it until the zygo- 
matie nerve branehes from it, and travel with the zygo- 
matie nerve until it gives off the zygomatieotemporal nerve, 
which eventually distributes postganglionie parasympa- 
thetie fibers in a small braneh that joins the laerimal nerve. 
The laerimal nerve passes to the laerimal gland. 
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Fig. 8.83 Position of laerimal sae 


Sympathetie innervation 

Sympathetie innervation of the laerimal gland follows a 
similar path as parasympathetie innervation. Postgangli- 
onie sympathetie fibers originating in the superior eervieal 
ganglion travel along the plexus surrounding the internal 
earotid artery (Fig. 8.84). They leavethis plexus as the deep 
petrosal nerve and join the parasympathetie fibers in the 
nerve of the pterygoid eanal. Passing through the pterygo- 
palatine ganglion, the sympathetie fibers from this point 
onward follow the same path as the parasympathetie fibers 
to the laerimal gland. 

Vessels 

The arterial supply to the laerimal gland is by branehes 
from the ophthalmie artery and venous drainage is through 
the ophthalmie veins. 
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Fig. 8.84 Innervation of the laerimal gland. 
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Fissures and foramina 

Numerous structures enter and leave the orbit through a 
variety of openings (Fig. 8.85). 

Optie eanal 

When the bony orbit is viewed from an anterolateral posi- 
tion, the round opening at the apex of the pyramidal- 
shaped orbit is the optie eanal, which opens into the middle 
eranial fossa and is bounded medially by the body of the 
sphenoid and laterally by the lesser wing of the sphenoid. 
Passing through the optie eanal are the optie nerve and the 
ophthalmie artery (Fig. 8.86). 

Superior orbital fissure 

Just lateral to the optie eanal is a triangular-shaped gap 
between the roof and lateral wall of the bony orbit. This is 
the superior orbital fìssure and allows structures to pass 
between the orbit and the middle eranial fossa (Fig. 8.85). 

Passing through the superior orbital fissure are the 
superior and inferior branehes of the oculomotor nerve 
[iii], the troehlear nerve [IV], the abducent nerve [VI], 
the laerimal, frontal, and nasoeiliary branehes of the 
ophthalmie nerve [Vi], and the superior ophthalmie vein 
(Fig. 8.86). 

Inferior orbital fissure 

Separating the lateral wall of the orbit from the floor of the 
orbit is a longitudinal opening, the inferior orbital fissure 
(Fig. 8.85). Its borders are the greater wing of the sphenoid 
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Fig. 8.85 Openings into the bony orbit. 
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Fig. 8.86 Optie eanal and superior orbital fissure. 
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and the maxilla, palatine, and zygomatie bones. This long 
fissure allows communication between: 

the orbit and the pterygopalatine fossa posteriorly, 
the orbit and the infratemporal fossa in the middle, and 
the orbit and the temporal fossa posterolaterally. 

Passing through the inferior orbital fissure are the max- 
illary nerve [V 2 ] and its zygomatie braneh, the infra-orbital 
vessels, and a vein communicating with the pterygoid 
plexus of veins. 

Infra-orbital foramen 

Beginning posteriorly and erossing about two-thirds of the 
inferior orbital fissure, a groove (the infra-orbital groove) 
is encountered, which continues anteriorly aeross the floor 
of the orbit (Fig. 8 . 85 ). This groove eonneets with the 
infra-orbital eanal that opens onto the faee at the infra- 
orbital foramen. 

The infra-orbital nerve, part of the maxillary nerve [V 2 ], 
and vessels pass through this structure as they exit onto 
the faee. 

Other openings 

Assoeiated with the medial wall of the bony orbit are 
several smaller openings (Fig. 8 . 85 ). 

The anterior and posterior ethmoidal foramina are 

at the junction between the superior and medial walls. 
These openings pro vide exits from the or bit in to the ethmoid 
bone for the anterior and posterior ethmoidal nerves and 
vessels. 

Completing the openings on the medial wall is a eanal 
in the lower part of the wall anteriorly. Gearly visible is the 
depression for the laerimal sae formed by the laerimal bone 
and the frontal proeess of the maxilla. This depression is 
continuous with the nasolaerimal eanal, which leads to 
the inferior nasal meatus. Contained within the nasolaeri- 
mal eanal is the nasolaerimal duct, a part of the laerimal 
apparatus. 


Faseial speeializations 

Periorbita 

The periosteum lining the bones that form the orbit is the 
periorbita (Fig. 8.87A). It is continuous at the margins of 



Superior orbital fissure 



Common 
tendinous ring 


Inferior 
orbital fissure 



Fig. 8.87 Periorbita. A. Lateral view. B. Common tendinous ring. 


the orbit with the periosteum on the outer surface of the 
skull and sends extensions into the upper and lower eyelids 
(the orbital septa). 

At the various openings where the orbit communicates 
with the eranial eavity the periorbita is continuous with 
the periosteal layer of dura mater. In the posterior part of 
the orbit, the periorbita thiekens around the optie eanal 
and the eentral part of the superior orbital fissure. This is 
the point of origin of the four rectus muscles and is the 
eommon tendinous ring. 
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Faseial sheath of the eyeball 

The faseial sheath of the eyeball (bulbar sheath) is a 
layer of faseia that eneloses a major part of the eyeball 

(Figs. 8.88 and 8.89): 

Posteriorly, it is firmly attaehed to the selera (the white 
part of the eyeball) around the point of entranee of the 
optie nerve into the eyeball. 

Anteriorly, it is firmly attaehed to the selera near the 
edge of the eornea (the elear part of the eyeball). 
Additionally, as the muscles approaeh the eyeball, the 
investing faseia surrounding eaeh muscle blends with 
the faseial sheath of the eyeball as the nmseles pass 
through and continue to their point of attaehment. 


The medial eheek ligament is an extension from the 
faseia eovering the medial rectus muscle and attaehes 
immediately posterior to the posterior laerimal erest of 
the laerimal bone. 

The lateral eheek ligament is an extension from the 
faseia eovering the lateral rectus muscle and is attaehed 
to the orbital tubercle of the zygomatie bone. 

Functionally, the positioning of these ligaments seems 
to restriet the medial and lateral rectus nmseles, thus the 
names of the faseial speeializations. 

Musdes 

There are two groups of muscles within the orbit: 


A speeialized lower part of the faseial sheath of the 
eyeball is thesuspensoryligament(Figs. 8.88 and 8.89), 
which supports the eyeball. This “sling-like” structure is 
made up of the faseial sheath of the eyeball and contribu- 
tions from the two inferior ocular muscles and the medial 
and lateral ocular muscles. 

Check ligaments of the medial and lateral 
rectus musdes 

Other faseial speeializations in the orbit are the eheek liga- 
ments (Fig. 8.89). These are expansions of the investing 
faseia eovering the medial and lateral rectus muscles, 
which attaeh to the medial and lateral walls of the 
bony orbit: 
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Fig. 8.88 Faseial sheath of the eyeball. 


extrinsic muscles of eyeball (extra-ocular muscles) 

involved in movements of the eyeball or raising upper 
eyelids, and 

■ intrinsie imiseles within the eyeball, which eontrol the 
shape of the lens and size of the pupil. 
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Fig. 8.89 Check ligaments. A. Anterior view. B. Superior view. 
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Table 8.8 Extrinsic (extra-ocular) muscles 


Musde 

Origin 

Insertion 

Innervation 

Function 

Levator palpebrae 
superioris 

Lesser wing of sphenoid 
anterior to optie eanal 

Anterior surface of tarsal 
plate; afewfibers to skin and 
superior conjunctival fornix 

Oculomotor nerve 
[111]—superior braneh 

Elevation of upper eyelid 

Superior rectus 

Superior part of eommon 
tendinous ring 

Anterior half of eyeball 
superiorly 

Oculomotor nerve 
[111]—superior braneh 

Elevation, adduction, medial 
rotation of eyeball 

Inferior rectus 

Inferior part of eommon 
tendinous ring 

Anterior half of eyeball 
inferiorly 

Oculomotor nerve 
[111]—inferior braneh 

Depression, adduction, lateral 
rotation of eyeball 

Medial rectus 

Medial part ofeommon 
tendinous ring 

Anterior half of eyeball 
medially 

Oculomotor nerve 
[111]—inferior braneh 

Adduction of eyeball 

Lateral rectus 

Lateral part of eommon 
tendinous ring 

Anterior half of eyeball 
laterally 

Abducentnerve [VI] 

Abduction of eyeball 

Superior oblique 

Body of sphenoid, superior 
and medial to optie eanal 

Outer posterior quadrant of 
eyeball (superior surface) 

Troehlear nerve [IV] 

Depression, abduction, 
medial rotation of eyeball 

Inferior oblique 

Medial floor of orbit posterior 
to rim; maxilla lateral to 
nasolaerimal groove 

Outer posterior quadrant of 
eyeball (inferior surface) 

Oculomotor nerve 
[111]—inferior braneh 

Elevation, abduction, lateral 
rotation of eyeball 


The extrinsic muscles include the levator palpebrae 
superioris, superior rectus, inferior rectus, medial rectus, 
lateral rectus, superior oblique, and inferior oblique. 

The intrinsie muscles include the eiliary muscle, the 
sphineter pupillae, and the dilator pupillae. 

Extrinsic muscles 

Of the seven muscles in the extrinsic group of imiseles, one 
raises the eyelids, whereas the other six move the eyeball 
itself (Table 8.8). 

The movements of the eyeball, in three dimensions, 

(Fig. 8.90) are: 

elevation—moving the pupil superiorly, 
depression—moving the pupil inferiorly, 

■ abduction—moving the pupil laterally, 
adduction—moving the pupil medially, 
internal rotation (intorsion)—rotating the upper part of 
the pupil medially (or toward the nose), and 
external rotation (extorsion)—rotating the upper part 
of the pupil laterally (or toward the temple). 

The axis of eaeh orbit is direeted slightly laterally from 
baek to front, but eaeh eyeball is direeted anteriorly (Fig. 
8.91). Therefore the pull of some rmiseles has multiple 
effeets on the movement of the eyeball, whereas that of 
others has a single effeet. 

Levator palpebrae superioris 

Levator palpebrae superioris raises the upper eyelid (Table 
8.8). It is the most superior muscle in the orbit, originating 
from the roof, just anterior to the optie eanal on the inferior 
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Fig. 8.91 Axes of the eyeball and orbit. 
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surface of the lesser wing of the sphenoid (Fig. 8.92B). Its 
primary point of insertion is into the anterior surface of 
the superior tarsus, but a few fibers also attaeh to the skin 
of the upper eyelid and the superior conjunctival fornix. 

Innervation is by the superior braneh of the oculomotor 
nerve [iii]. 

Contraction of the levator palpebrae superioris raises 
the upper eyelid. 

A unique feature of the levator palpebrae superioris is 
that a eolleetion of smooth muscle fibers passes from its 
inferior surface to the upper edge of the superior tarsus (see 
Fig. 8.74). This group of smoothmuscle fibers (the supe- 
rior tarsal muscle) help maintain eyelid elevation and are 
innervated by postganglionie sympathetie fibers from the 
superior eervieal ganglion. 

Loss of oculomotor nerve [III] fiinetion results in eom- 
plete ptosis or drooping of the superior eyelid, whereas loss 


of sympathetie innervation to the superior tarsal muscle 
results in partial ptosis. 

Rectus muscles 

Four rectus imiseles occupy medial, lateral, inferior, and 
superior positions as they pass from their origins posteri- 
orly to their points of attaehment on the anterior half of 
the eyeball (Fig. 8.92 and Table 8.8). They originate as a 
group from a eommon tendinous ring at the apex of the 
orbit and form a eone of muscles as they pass forward to 
their attaehment on the eyeball. 

Superior and inferior rectus muscles 

The superior and inferior rectus muscles have eomplieated 
aetions because the apex of the orbit, where the muscles 
originate, is medial to the eentral axis of the eyeball when 
looking direetly forward: 
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Fig. 8.92 Muscles of the eyeball. A. Superior view. B. Lateral view. C. Coronal magnetie resonanee image through the eye. 
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The superior rectus originates from the superior part 
of the eommon tendinous ring above the optie eanal. 
The inferior rectus originates from the inferior part 
of the eommon tendinous ring below the optie eanal 

(Fig. 8.93). 

As these rmiseles pass forward in the orbit to attaeh to 
the anterior half of the eyeball, they are also direeted later- 
ally (Fig. 8.92). Because of these orientations: 

Contraction of the superior rectus elevates, adducts, 
and internally rotates the eyeball (Fig. 8.94A). 
Contraction of the inferior rectus depresses, adducts, 
and externally rotates the eyeball (Fig. 8.94A). 

The superior braneh of the oculomotor nerve [iii] 
innervates the superior rectus, and the inferior braneh 
of the oculomotor nerve [III] innervates the inferior rectus. 

To isolate the function of and to test the superior and 
inferior rectus muscles, a patient is asked to traek a physi- 
eian’s finger laterally and then either upward or downward 
(Fig. 8.94B). The first movement brings the axis of the 
eyeball into alignment with the long axis of the superior 
and inferior rectus imiseles. Moving the finger upward tests 
the superior rectus muscle and moving it downward tests 
the inferior rectus imisele (Fig. 8.94B). 
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Fig. 8.93 Origins of muscles of the eyeball, eoronal view. 


Medial and lateral rectus muscles 

The orientation and aetions of the medial and lateral 
rectus muscles are more straightforward than those of the 
superior and inferior rectus imiseles. 

The medial rectus originates from the medial part 
of the eommon tendinous ring medial to and below the 
optie eanal, whereas the lateral rectus originates from 
the lateral part of the eommon tendinous ring as the 
eommon tendinous ring bridges the superior orbital fissure 

(Fig. 8.93). 

The medial and lateral rectus muscles pass forward 
and attaeh to the anterior half of the eyeball (Fig. 8.92). 
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Fig. 8.94 Aetions of muscles of the eyeball. A. Aetion of 
individual muscles (anatomieal aetion). B. Movement of eye when 
testing speeifie muscle (elinieal testing). 
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Contraction of medial rectus adducts the eyeball, whereas 
eontraetion of lateral rectus abducts the eyeball (Fig. 

8.94A). 

The inferior braneh of the oculomotor nerve [III] inner- 
vates the medial rectus, and the abducent nerve [VI] inner- 
vates the lateral rectus. 

To isolate the function of and test the medial and lateral 
rectus muscles, a patient is asked to traek a physieian’s 
finger medially and laterally, respeetively, in the horizontal 
plane (Fig. 8.94B). 

Oblique muscles 

The oblique muscles are in the superior and inferior parts 
of the orbit, do not originate from the eommon tendinous 
ring, are angular in their approaehes to the eyeball, and, 
unlike the rectus imiseles, attaeh to the posterior half of 
the eyeball (Table 8.8). 

Superior oblique 

The superior oblique arises from the body of the sphenoid, 
superior and medial to the optie eanal and medial to the 
origin of the levator palpebrae superioris (Figs. 8.92 and 
8.93). It passes forward, along the medial border of the 
roof of the orbit, until it reaehes a fibrocartilaginous pulley 
(the troehlea), which is attaehed to the troehlear fovea of 
the frontal bone. 

The tendon of the superior oblique passes through the 
troehlea and turns laterally to eross the eyeball in a pos- 
terolateral direetion. It continues deep to the superior 
rectus rmisele and inserts into the outer posterior quadrant 
of the eyeball. 

Contraction of the superior oblique therefore direets the 
pupil down and out (Fig. 8.94A). 

The troehlear nerve [IV] innervates the superior oblique 
along its superior surface. 

To isolate the hinetion of and to test the superior oblique 
muscle, a patient is asked to traek a physieian’s finger medi- 
ally to bring the axis of the tendon of the muscle into 


alignment with the axis of the eyeball, and then to look 
down, which tests the nrnsele (Fig. 8.94B). 

Inferior oblique 

The inferior oblique is the only extrinsic muscle that 
does not take origin from the posterior part of the orbit. It 
arises from the medial side of the floor of the orbit, just 
posterior to the orbital rim, and is attaehed to the orbital 
surface of the maxilla just lateral to the nasolaerimal 
groove (Fig. 8.92). 

The inferior oblique erosses the floor of the orbit in a 
posterolateral direetion between the inferior rectus and the 
floor of the orbit, before inserting into the outer posterior 
quadrant just under the lateral rectus. 

Contraction of the inferior oblique direets the pupil up 
andout (Fig. 8.94A). 

The inferior braneh of the oculomotor nerve innervates 
the inferior oblique. 

To isolate the function of and to testthe inferior oblique 
muscle, a patient is asked to traek a physieian’s finger medi- 
ally to bring the axis of the eyeball into alignment with the 
axis of the rmisele and then to look up, which tests the 
muscle (Fig. 8.94B). 

Extrinsic muscles and eyeball movements 

Six of the seven extrinsic muscles of the orbit are direetly 
involved in movements of the eyeball. 

For eaeh of the rectus muscles, the medial, lateral, infe- 
rior, and superior, and the superior and inferior obliques, a 
speeifie aetion or group of aetions ean be deseribed ( lable 
8.8). However, these muscles do not aet in isolation. They 
work as teams of muscles in the eoordinated movement of 
the eyeball to position the pupil as needed. 

For example, although the lateral rectus is the imisele 
primarily responsible for moving the eyeball laterally, it is 
assisted in this aetion by the superior and inferior oblique 
muscles. 


In the elinie 

Examination of the eye 

Examination of the eye includes assessment of the visual 
eapabilities, the extrinsic musculature and its function, 
and disease proeesses that may affeet the eye in isolation 
or as part of the systemie proeess. 

Examination of the eye includes tests for visual acuity, 
astigmatism, visual fields, and eolor interpretation (to 
exclude eolor blindness) in a variety of circumstances. 
The physieian also assesses the retina, the optie nerve 


and its eoverings, the lens, and the eornea. 

The extrinsic muscles are supplied by the abducent 
nerve [VI], the troehlear nerve [IV], and the oculomotor 
nerve [III]. 

The extrinsic muscles work synergistieally to provide 
appropriate and conjugate eye movement: 

■ lateral rectus—abducent nerve [VI], 

■ superior oblique—troehlear nerve [IV], and 

■ remainder—oculomotor nerve [III]. 
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ln the elinie—eont'd 

The eye may be affeeted in systemie diseases. Diabetes 
mellitus typieally affeets the eye and may cause eataraets, 
macular disease, and retinal hemorrhage, all impairing 
vision. 

Oeeasionally unilateral paralysis of the extra-ocular 
muscles occurs and is due to brainstem injury or direet 
nerve injury, which may be assoeiated with tumor 
eompression or trauma. The paralysis of a muscle is easily 
demonstrated when the patient attempts to move the eye 
in the direetion assoeiated with normal aetion of that 
muscle. Typieally the patient eomplains of double vision 
(diplopia). 

Loss of innervation ofthe muscles around the eye 
Loss of innervation of the orbicularis oculi by the faeial 
nerve [VII] causes an inability to elose the eyelids tightly. 


allowing the lower eyelid to droop away causing spillage 
of tears. This loss of tears allows drying of the conjunctiva, 
which may ulcerate, so allowing seeondary infeetion. 

Loss of innervation of the levator palpebrae superioris 
by oculomotor nerve [111] damage causes an inability of 
the superior eyelid to elevate, producing a ptosis. Llsoally, 
oculomotor nerve [111] damage is caused by severe head 
i nj u ry. 

Loss of innervation of the superior tarsal muscle by 
sympathetie fibers causes a eonstant partial ptosis. Any 
lesion along the sympathetie trunk ean induce this. An 
apieal pulmonary malignaney should always be suspected 
because the ptosis may be part of Horner's syndrome 
(see "In the elinie" on p. 931). 


Vessels 

Arteries 

The arterial supply to the structures in the orbit, including 
the eyeball, is by the ophthalmie artery (Fig. 8 . 95 ). This 
vessel is a braneh of the internal earotid artery, given off 
immediatelyafter the internal earotid artery leaves the eav- 
ernous sinus. The ophthalmie artery passes into the orbit 
through the optie eanal with the optie nerve. 

In the orbit the ophthalmie artery initially lies inferior 
and lateral to the optie nerve (Fig. 8 . 95 ). As it passes 
forward in the orbit, it erosses superior to the optie nerve 
and proeeeds anteriorly on the medial side of the orbit. 

In the orbit the ophthalmie artery gives off numerous 
branehes as follows: 

■ the laerimal artery, which arises from the ophthalmie 
artery on the lateral side of the optie nerve, and passes 
anteriorly on the lateral side of the orbit, supplying the 
laerimal gland, muscles, the anterior eiliary braneh to 
the eyeball, and the lateral sides of the eyelid; 
the eentral retinal artery, which enters the optie 
nerve, proeeeds down the eenter of the nerve to the 
retina, and is elearly seen when viewing the retina with 
an ophthalmoseope—occlusion of this vessel or of the 
parent artery leads to blindness; 

the long and short posterior eiliary arteries, which 
are branehes that enter the eyeball posteriorly, piereing 
the selera, and supplying structures inside the eyeball; 
the muscular arteries, which are branehes supply- 
ing the intrinsie muscles of the eyeball; 
the supra-orbital artery, which usually arises 
from the ophthalmie artery immediately after it has 
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Fig. 8.95 Arterial supply to the orbit and eyeball. 


erossed the optie nerve, proeeeds anteriorly, and exits 
the orbit through the supra-orbital foramen with the 
supra-orbital nerve—it supplies the forehead and sealp 
as it passes aeross these areas to the vertex of the skull; 
the posterior ethmoidal artery, which exits the orbit 
through the posterior ethmoidal foramen to supply the 
ethmoidal eells and nasal eavity; 

■ the anterior ethmoidal artery, which exits the orbit 
through the anterior ethmoidal foramen, enters the 
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eranial eavity giving off the anterior meningeal braneh, 
and continues into the nasal eavity supplying the 
septum and lateral wall, and ending as the dorsal 
nasal artery; 

the medial palpebral arteries, which are small 
branehes supplying the medial area of the upper and 
lower eyelids; 

the dorsal nasal artery, which is one of the two ter- 
minal branehes of the ophthalmie artery, leaves the 
orbit to supply the upper surface of the nose; and 
the supratrochlear artery, which is the other termi- 
nal braneh of the ophthalmie artery and leaves the orbit 
with the supratrochlear nerve, supplying the forehead 
as it passes aeross it in a superior direetion. 

Veins 

There are two venous ehannels in the orbit, the superior 
and inferior ophthalmie veins (Fig. 8 . 96 ). 

The superior ophthalmie vein begins in the anterior 
area of the orbit as eonneeting veins from the supra-orbital 
vein and the angular vein join together. It passes aeross the 
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Fig. 8.96 Venous drainage of the orbit and eyeball. 


superior part of the orbit, reeeiving tributaries from the 
eompanion veins to the branehes of the ophthalmie artery 
and veins draining the posterior part of the eyeball. Poste- 
riorly, it leaves the orbit through the superior orbital fissure 
and enters the cavernous sinus. 

The inferior ophthalmie vein is smaller than the 
superior ophthalmie vein, begins anteriorly, and passes 
aeross the inferior part of the orbit. It reeeives various 
tributaries from muscles and the posterior part of the 
eyeball as it erosses the orbit. 

The inferior ophthalmie vein leaves the orbit posteri- 
orly by: 

■ joining with the superior ophthalmie vein, 

■ passing through the superior orbital fissure on its own 
to join the cavernous sinus, or 

passing through the inferior orbital fissure to join with 
the pterygoid plexus of veins in the infratemporal fossa. 

Because the ophthalmie veins communicate with the 
cavernous sinus, they aet as a route by which infeetions 
ean spread from outside to inside the eranial eavity. 


Innervation 

Numerous nerves pass into the orbit and innervate stme- 
tures within its bony walls. They include the optie nerve 
[ii], the oculomotor nerve [III], the troehlear nerve [IV], 
the abducent nerve [VI], and autonomic nerves. Other 
nerves such as the ophthalmie nerve [VJ innervate orbital 
structures and then travel out of the orbit to innervate 
other regions. 

Optie nerve 

The optie nerve [II] is not a true eranial nerve, but rather 
an extension of the brain earrying afferent fibers from the 
retina of the eyeball to the visual eenters of the brain. The 
optie nerve is surrounded by the eranial meninges, includ- 
ing the subarachnoid spaee, which extend as far forward 
as the eyeball. 

Any inerease in intraeranial pressure therefore results 
in inereased pressure in the subarachnoid spaee surround- 
ing the optie nerve. This may impede venous return along 
the retinal veins, causing edema of the optie dise (papill- 
edema), which ean be seen when the retina is examined 
using an ophthalmoseope. 
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The optie nerve leaves the orbit through the optie eanal 
(Fig. 8.97). It is aeeompanied in the optie eanal by the 
ophthalmie artery. 

Oculomotor nerve 

The oculomotor nerve [III] leaves the anterior surface of 
the brainstembetween the midbrain and the pons. It passes 
forward in the lateral wall of the cavernous sinus. 

Just before entering the orbit the oculomotor nerve 
[iii] divides into superior and inferior branehes (Fig. 
8.98). These branehes enter the or bit through the superior 
orbital fissure, lying within the eommon tendinous ring 

(Fig. 8.97). 

Inside the orbit the small superior braneh passes upward 
over the lateral side of the optie nerve to innervate the 
superior rectus and levator palpebrae superioris muscles 

(Fig. 8.98). 

The large inferior braneh divides into three branehes: 

■ one passing below the optie nerve as it passes to the 
medial side of the orbit to innervate the medial rectus 
muscle, 


Laerimal braneh of ophthalmie nerve [Vfi 
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Oommon tendinous ring 
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oculomotor nerve 


Inferior ophthalmie vein 
Superíor ophthalmie vein 


Lateral 


Medial 


a seeond deseending to innervate the inferior rectus 
muscle, and 

the third deseending as it runs forward along the 
floor of the orbit to innervate the inferior oblique muscle 

(Fig. 8.98). 

As the third braneh deseends, it gives off the braneh to 
the eiliary ganglion. This is the parasympathetie root to 
the eiliary ganglion and earries preganglionie parasympa- 
thetie fibers that will synapse in the eiliary ganglion with 
postganglionie parasympathetie fibers. The postganglionie 
fibers are distributed to the eyeball through short eiliary 
nerves and innervate the sphineter pupillae and eiliary 
muscles. 

Troehlear nerve 

The troehlear nerve [IV] arises from the posterior surface 
of the midbrain, and passes around the midbrain to enter 
the edge of the tentorhim eerebelli. It continues on an 
intradural path arriving in and passing through the lateral 
wall of the cavernous sinus just below the oculomotor 
nerve [iii]. 

Just before entering the orbit, the troehlear nerve 
aseends, passing aeross the oculomotor nerve [III] and 
entering the orbit through the superior orbital fissure 
above the eommon tendinous ring (Fig. 8.97). In the orbit 
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Fig. 8.97 Innervation of the orbit and eyeball. 


Fig. 8.98 Oculomotor nerve [111] and its divisions. 
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the troehlear nerve [IV] aseends and turns medially, eross- 
ing above the levator palpebrae superioris muscle to enter 
the upper border of the superior oblique muscle (Fig. 8.99). 

Abducent nerve 

The abducent nerve [VI] arises from the brainstem between 
the pons and medulla. It enters the dura eovering the clivus 
and continues in a dural eanal until it reaehes the eavern- 
ous sinus. 

The abducent nerve enters the cavernous sinus and 
runs through the sinus lateral to the internal earotid 
artery. It passes out of the sinus and enters the orbit 
through the superior orbital fissure within the eommon 
tendinous ring (Fig. 8.97). Onee in the orbit it courses lat- 
erally to supply the lateral rectus muscle. 

Postganglionie sympathetie fìbers 

Preganglionie sympathetie fibers arise from the upper 
segments of the thoraeie spinal eord, mainly Tl. They 
enter the sympathetie ehain through white rami commu- 
nieantes, and aseend to the superior eervieal ganglion 
where they synapse with postganglionie sympathetie 
fibers. 

The postganglionie fibers are distributed along the inter- 
nal earotid artery and its branehes. 

The postganglionie sympathetie fibers destined for the 
orbit travel with the ophthalmie artery. Onee in the orbit 
the fibers are distributed to the eyeball either by: 


passing through the eiliary ganglion, without synaps- 

ing, and joining the short eiliary nerves, which pass 

from the ganglion to the eyeball; or 

passing through long eiliary nerves to reaeh the 

eyeball. 

In the eyeball postganglionie sympathetie fibers inner- 
vate the dilator pupillae muscle. 

Ophthalmie nerve [VJ 

The ophthalmie nerve [Vi] is the smallest and most supe- 
rior of the three divisions of the trigeminal nerve. This 
purely sensory nerve reeeives input from structures in the 
orbit and from additional branehes on the faee and sealp. 

Leaving the trigeminal ganglion, the ophthalmie nerve 
[Vi] passes forward in the lateral wall of the cavernous 
sinus inferior to the troehlear [IV] and oculomotor [III] 
nerves. Just before it enters the orbit it divides into three 
branehes—the nasoeiliary, laerimal, and frontal nerves 
(Fig. 8.100). These branehes enter the orbit through the 
superior orbital fissure with the frontal and laerimal nerves 
outside the eommon tendinous ring, and the nasoeiliary 
nerve within the eommon tendinous ring (Fig. 8.97). 

Laerimal nerve 

The laerimal nerve is the smallest of the three branehes of 
the ophthalmie nerve [Vi]. Onee in the orbit it passes 
forward along the upper border of the lateral rectus muscle 
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Fig. 8.99 Troehlear nerve [IV] in the orbit. 


Fig. 8.100 Ophthalmie nerve [VJ and its divisions. 
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(Fig. 8.101). It reeeives a braneh from the zygomatieotem- 
poral nerve, which earries parasympathetie and sympa- 
thetie postganglionie fibers for distribution to the laerimal 
gland. 

Reaehing the anterolateral aspeet of the orbit, the lae- 
rimal nerve supplies the laerimal gland, conjunctiva, and 
lateral part of the upper eyelid. 

Frontal nerve 

The frontal nerve is the largest braneh of the ophthalmie 
nerve [Vi] and reeeives sensory input from areas outside 
the orbit. Exiting the superior orbital fissure, this braneh 
passes forward between the levator palpebrae superioris 
and the periorbita on the roof of the orbit (Fig. 8.97). 
About midway aeross the orbit it divides into its two termi- 
nal branehes—the supra-orbital and supratrochlear nerves 
(Figs. 8.100 and 8.101): 

The supratrochlear nerve continues forward in an 
anteromedial direetion, passing above the troehlea, 
exits the orbit medial to the supra-orbital foramen, 
and supplies the conjunctiva and skin of the upper 


eyelid and the skin on the lower medial part of the 
forehead. 

The supra-orbital nerve is the larger of the two 
branehes, continues forward, passing between the 
levator palpebrae superioris muscle and the periorbita 
eovering the roof of the orbit (Fig. 8.101), exits the orbit 
through the supra-orbital noteh and aseends aeross the 
forehead and sealp, supplying the upper eyelid and eon- 
junctiva, the forehead, and as far posteriorly as the 
middle of the sealp. 

Nasoeiliary nerve 

The nasoeiliary nerve is intermediate in size between the 
frontal and laerimal nerves and is usually the first braneh 
from the ophthalmie nerve (Fig. 8.100). It is most deeply 
plaeed in the orbit, entering the area within the eommon 
tendinous ring between the superior and inferior branehes 
of the oculomotor nerve [III] (see Fig. 8.97). 

Onee in the orbit, the nasoeiliary nerve erosses the supe- 
rior surface of the optie nerve as it passes in a medial diree- 
tion below the superior rectus muscle (Figs. 8.100 and 
8.102). Its first braneh, the eomimmieating braneh 
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Fig. 8.101 Relationship of the ophthalmie nerve [VJ and its 
divisions to the muscles of the eyeball. 
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with the eiliary ganglion (sensory root to the eiliary 
ganglion), is given off early in its path through the orbit. 

The nasoeiliary nerve continues forward along the 
medial wall of the orbit, between the superior oblique and 
the medial rectus muscles, giving off several branehes (Fig. 
8.102). These inehide: 

the long eiliary nerves, which are sensory to the 
eyeball but may also eontain sympathetie fibers for 
pupillary dilation; 

the posterior ethmoidal nerve, which exits the orbit 
through the posterior ethmoidal foramen to supply pos- 
terior ethmoidal eells and the sphenoidal sinus; 

■ the infratroehlear nerve, which distributes to the 
medial part of the upper and lower eyelids, the laerimal 
sae, and skin of the upper half of the nose; and 
the anterior ethmoidal nerve, which exits the orbit 
through the anterior ethmoidal foramen to supply the 
anterior eranial fossa, nasal eavity, and skin of the lower 
half of the nose (Fig. 8.102). 

eiliary ganglion 

The eiliary ganglion is a parasympathetie ganglion of 
the oculomotor nerve [III]. It is assoeiated with the naso- 
eiliary braneh of the ophthalmie nerve [V^] and is the site 
where preganglionie and postganglionie parasympathetie 
neurons synapse as fibers from this part of the autonomic 
division of the PNS make their way to the eyeball. The 
eiliary ganglion is also traversed by postganglionie sympa- 
thetie fibers and sensory fibers as they travel to the eyeball. 

The eiliary ganglion is a very small ganglion, in the 
posterior part of the orbit immediately lateral to the optie 
nerve and between the optie nerve and the lateral rectus 
rmisele (Fig. 8.102). It is usually deseribed as reeeiving at 
least two, and possibly three, branehes or roots from other 
nerves in the orbit. 

Parasympathetie root 

As the inferior braneh of the oculomotor nerve [III] passes 
the area of the eiliary ganglion, it sends a braneh to the 
ganglion (the parasympathetie root). The parasympathetie 
braneh earries preganglionie parasympathetie fibers, 
which enter the ganglion and synapse with postganglionie 
parasympathetie fibers within the ganglion (Fig. 8.103). 

The postganglionie parasympathetie fibers leave the 
ganglion through short eiliary nerves, which enter the pos- 
terior aspeet of the eyeball around the optie nerve. 

In the eyeball the parasympathetie fibers innervate: 

the sphineter piipillae muscle, responsible for pupil- 
lary eonstrietion, and 


Sensory root 



Oeiilomotor nerve [111] Short eiliary nerve 


- Sensory fibers 

- Sympathetie postganglionie fibers 

- Parasympathetie preganglionie fibers 

- Parasympathetie postganglionie fibers 

Fig. 8.103 Ciliary ganglion. 


the eiliary muscle, responsible for aeeommodation of 
the lens of the eye for near vision. 

Sensory root 

A seeond braneh (the sensory root), passes from the naso- 
eiliary nerve to the ganglion (Fig. 8.103). This braneh 
enters the posterosuperior aspeet of the ganglion, and 
earries sensory fibers, which pass through the ganglion 
and continue along the short eiliary nerves to the eyeball. 
These fibers are responsible for sensory innervation to all 
parts of the eyeball; however, the sympathetie fibers also 
may take alternative routes to the eyeball. 

Sympathetie root 

The third braneh to the eiliary ganglion is the most vari- 
able. This braneh, when present, is the sympathetie root 
and eontains postganglionie sympathetie fibers from the 
superior eervieal ganglion (Fig. 8.103). These fibers travel 
up the internal earotid artery, leave the plexus surround- 
ing the artery in the cavernous sinus, and enter the orbit 
through the eommon tendinous ring. In the orbit they 
enter the posterior aspeet of the eiliary ganglion, eross the 
ganglion, and eontimie along the short eiliary nerves to 
the eyeball; however, the sympathetie fibers also may take 
alternative routes to the eyeball. 

Sympathetie fibers to the eyeball may not enter the gan- 
glion as a separate sympathetie root. Rather, the postgan- 
glionie sympathetie fibers may leave the plexus assoeiated 
with the internal earotid artery in the cavernous sinus, 
join the ophthalmie nerve [VJ, and course into the eiliary 
ganglion in the sensory root from the nasoeiliary nerve. In 
addition, the sympathetie fibers earried in the nasoeiliary 
nerve may not enter the ganglion at all and may course 
direetly into the eyeball in the long eiliary nerves (Fig. 
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8.103). Whatever their path, postganglionie sympathetie 
fibers reaeh the eyeball and innervate the dilator pupillae 
muscle. 

Eyeball 

The globe-shaped eyeball occupies the anterior part of the 
orbit. Its rounded shape is dismpted anteriorly, where it 
bulges outward. This outward projeetion represents about 
one-sixth of the total area of the eyeball and is the trans- 
parent eornea (Fig. 8.104). 

Posterior to the eornea and in order from front to baek 
are the anterior ehamber, the iris and pupil, the posterior 
ehamber, the lens, the postremal (vitreous) ehamber, and 
the retina. 

Anterior and posterior ehambers 

The anterior ehamber is the area direetly posterior to the 
eornea and anterior to the eolored part of the eye (iris). 
The eentral opening in the iris is the pupil. Posterior to the 
iris and anterior to the lens is the smaller posterior 
ehamber. 

The anterior and posterior ehambers are continuous 
with eaeh other through the pupillary opening. They are 


filled with a flmd (aqueous humor), which is seereted into 
the posterior ehamber, flows into the anterior ehamber 
through the pupil, and is absorbed into the seleral venous 
sinus (the eanal of Sehlemm), which is a circular venous 
ehannel at the junction between the eornea and the iris 
(Fig. 8.104). 

The aqueous humor supplies nutrients to the avascular 
eornea and lens and maintains the intra-ocular pressure. 
If the normal eyele of its production and absorption is dis- 
turbed so that the amount of fluid inereases, intra-ocular 
pressure will inerease. This eondition (glaucoma) ean lead 
to a variety of visual problems. 

Lens and vitreous humor 

The lens separates the anterior one-fifth of the eyeball 
from the posterior four-fifths (Fig. 8.104). It is a transpar- 
ent, biconvex elastie dise attaehed circumferentially to 
muscles assoeiated with the outer wall of the eyeball. This 
lateral attaehment provides the lens with the ability to 
ehange its refraetive ability to maintain visual acuity. The 
elinieal term for opaeity of the lens is a eataraet. 

The posterior four-fifths of the eyeball, from the lens to 
the retina, is occupied by the postremal (vitreous) ehamber 
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Fig. 8.104 Eyeball. 
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(Fig. 8.104). This segment is filled with a transparent, 
gelatinous substance—the vitreous body (vitreous 
humor). This substance, unlike aqueous humor, eannot 
be replaeed. 

Walls of the eyeball 

Surrounding the internal eomponents of the eyeball are 
the walls of the eyeball. They eonsist of three layers: an 
outer fibrous layer, a middle vascular layer, and an inner 
retinal layer (Fig. 8.104). 

The outer fibrous layer eonsists of the selera posteriorly 
and the eornea anteriorly. 

■ The middle vascular layer eonsists of the ehoroid pos- 
teriorly and is continuous with the eiliary body and iris 
anteriorly. 

The inner layer eonsists of the optie part of the retina 
posteriorly and the nonvisual retina that eovers the 
internal surface of the eiliary body and iris anteriorly. 


Vessels 

Arterial supply 

The arterial supply to the eyeball is from several sources: 

The short posterior eiliary arteries are branehes from 
the ophthalmie artery that pieree the selera around the 
optie nerve and enter the ehoroid layer (Fig. 8.104). 
The long posterior eiliary arteries, usually two, enter the 
selera on the medial and lateral sides of the optie nerve 
and proeeed anteriorly in the ehoroid layer to anasto- 
mose with the anterior eiliary arteries. 

■ The anterior eiliary arteries are branehes of the arteries 
supplying the muscles (Fig. 8.104) —as the nmseles 
attaeh to the selera, these arteries pieree the selera to 


anastomose with the long posterior eiliary arteries in 
the ehoroid layer. 

The eentral retinal artery that has traversed the optie 
nerve and enters the area of the retina at the optie dise. 


Venous drainage 

Venous drainage of the eyeball is primarily related to drain- 
age of the ehoroid layer. Four large veins (the vortieose 
veins) are involved in this proeess. They exit through the 
selera from eaeh of the posterior quadrants of the eyeball 
and enter the superior and inferior ophthalmie veins. There 
is also a eentral retinal vein aeeompanying the eentral 
retinal artery. 


In the elinie 
Glaucoma 

lntraocular pressure will rise if the normal eyele of 
aqueous humorfluid production and absorption is 
disturbed so that the amount of fluid inereases. This 
eondition is glaucoma and ean lead to a variety of visual 
problems including blindness, which results from 
eompression of the retina and its blood supply. 


In the elinie 

Cataracts 

With inereasing age and in eertain disease states the 
lens of the eye beeomes opaque. inereasing opaeity 
results in inereasing visual impairment. A eommon 
operation is excision of the cloudy lens and 
replacementwith a new man-made lens. 
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ln the elinie 
Ophthalmoseopy 

Direet visualization of the postremal (vitreous) ehamber of 
the eye is possible in most elinieal settings. It is aehieved 
using an ophthalmoseope, which is a small battery- 
operated light with a tiny lens that allows direet 
visualization of the postremal (vitreous) ehamber and the 
posterior wall of the eye through the pupil and the lens. It 


is sometimes neeessary to plaee a drug direetly onto the 
eye to dilate the pupil for better visualization. 

The optie nerve is easily seen. The typieal four branehes 
of the eentral retinal artery and the fovea are also seen. 

Llsing ophthalmoseopy the physieian ean lookfor 
diseases of the optie nerve, vascular abnormalities, and 
ehanges within the retina (Fig. 8.105). 
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Fig. 8.105 Ophthalmoseopie view of posterior ehamber of the right eye. 


Fibrous layer of the eyeball 

The fibrous layer of the eyeball eonsists o f two eomponents— 
the selera eovers the posterior and lateral parts of the 
eyeball, about five-sixths of the surface, and the eornea 
eovers the anteriorpart (Fig. 8.104). 

Selera 

The selera is an opaque layer of dense eonneetive tissue 
that ean be seen anteriorly through its conjunctival eover- 
ing as the ‘ white of the eye.” It is piereed by numerous 
vessels and nerves, including the optie nerve posteriorly 
and provides attaehment for the various muscles involved 
in eyeball movements. 


The faseial sheath of the eyeball eovers the surface of 
the selera externally from the entranee of the optie nerve 
to the eorneoseleral junction while internally the surface 
of the selera is loosely attaehed to the ehoroid of the vas- 
cular layer. 


Continuous with the selera anteriorly is the transparent 
eornea. It eovers the anterior one-sixth of the surface of 
the eyeball and, being transparent, allows light to enter the 
eyeball. 


Cornea 
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Vascular layer of the eyeball 

The vascular layer of the eyeball eonsists of three continu- 
ous parts—the ehoroid, the eiliary body, and the iris from 
posterior to anterior (Fig. 8.104). 

Choroid 

The ehoroid is posterior and represents approximately two- 
thirds of the vascular layer. It is a thin, highly vascular, 
pigmented layer eonsisting of smaller vessels adjaeent to 
the retina and larger vessels more peripherally. It is fìrmly 
attaehed to the retina internally and loosely attaehed to the 
selera externallv. 


Iris 

Completing the vascular layer of the eyeball anteriorly is 
the iris (Fig. 8.104). This circular structure, projeeting 
outward from the eiliary body, is the eolored part of the 
eye with a eentral opening (the pupil). Controlling the 
size of the pupil are smooth muscle fibers within the iris 

(Fig. 8.106): 

Fibers arranged in a circular pattern make up the 
sphineter pupillae muscle ( Table 8.9), which is 
innervated by parasympatheties—eontraetion of its 
fibers deereases or eonstriets the pupillary opening. 


Ciliary body 

Extending from the anterior border of the ehoroid is the 
eiliary body (Fig. 8.104). This triangular-shaped structure, 
between the ehoroid and the iris, forms a eomplete ring 
around the eyeball. Its eomponents include the eiliary 
muscle and the eiliary proeesses (Fig. 8.106). 

The eiliary muscle eonsists of smooth muscle fibers 
arranged longitudinally, circularly, and radially. Controlled 
by parasympatheties traveling to the orbit in the oculomo- 
tor nerve [III], these muscle fibers, on eontraetion, deerease 
the size of the ring formed by the eiliary body. 

The eiliary proeesses are longitudinal ridges projeet- 
ing from the inner surface of the eiliary body (Fig. 8.106). 
Extending from them are zonular fibers attaehed to the 
lens of the eyeball, which suspend the lens in its proper 
position and eolleetively form the suspensory ligament 
of the lens. 

Contraction of the eiliary muscle deereases the size of 
the ring formed by the eiliary body. This reduces tension on 
the suspensory ligament of the lens. The lens therefore 
beeomes more rounded (relaxed) resulting in aeeommoda- 
tion of the lens for near vision. 

Ciliary proeesses also contribute to the formation of 
aqueous humor. 
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Fig. 8.106 Ciliary body. 


Table 8.9 intrinsie muscles of the eye 


Miisde 

Ciliary 

Sphineter pupillae 
Dilator pupillae 


Loeation 

Muscle fibers in the eiliary body 
Circularly arranged fibers in the iris 
Radially arranged fibers in the iris 


Innervation 

Parasympatheties from the oculomotor 
nerve [111] 

Parasympatheties from the oculomotor 
nerve [111] 

Sympatheties from the superior eervieal 
ganglion (T1) 


Fiinetion 

Constricts eiliary body, relaxes tension 
on lens, lens beeomes more rounded 

Constricts pupil 
Dilates pupil 
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Fibers arranged in a radial pattern make up the dilator 
piipillae muscle, which is inner vated by sympatheties— 
eontraetion of its fibers inereases or dilates the pupillary 
opening. 

Inner layer of the eyeball 

The inner layer of the eyeball is the retina (Fig. 8.104). It 
eonsists of two parts. Posteriorly and laterally is the optie 
part of the retina, which is sensitive to light, and anteri- 
orly is the nonvisual part, which eovers the internal 
surface of the eiliary body and the iris. The junction 
between these parts is an irregular line (the ora serrata). 

Optie part of the retina 

The optie part of the retina eonsists of two layers, an outer 
pigmented layer and an inner neural layer: 

The pigmented layer is firmly attaehed to the ehoroid 
and continues anteriorly over the internal surface of the 
eiliary body and iris. 

■ The neural layer, which ean be further subdivided into 
its various neural eomponents, is only attaehed to the 


pigmented layer around the optie nerve and at the ora 

serrata. 

It is the neural layer that separates in the ease of a 
detaehed retina. 

Several obvious features are visible on the posterior 
surface of the optie part of the retina. 

The optie dise is where the optie nerve leaves the retina 
(Fig. 8.105). It is lighter than the surrounding retina and 
branehes of the eentral retinal artery spread from this 
point outward to supply the retina. As there are no light- 
sensitive reeeptor eells in the optie dise, it is referred to as 
a blind spot in the retina. 

Lateral to the optie dise a small area with a hint of yel- 
lowish eoloration is the macula lutea with its eentral 
depression, the fovea eentralis (Fig. 8.105). This is the 
thinnest area of the retina and visual sensitivity here is 
higher than elsewhere in the retina because it has fewer 
rods (light-sensitive reeeptor eells that fiinetion in dim 
light and are insensitive to eolor) and more eones (light- 
sensitive reeeptor eells that respond to bright light and are 
sensitive to eolor). 


In the elinie 

High-defìnition optieal eoherenee tomography 

High-definition optieal eoherenee tomography (HD-OCT) 
(Fig. 8.107) is a procedure used to obtain subsurface 
images of translucent or opaque materials. It is similar to 
ultrasound r except that it uses light instead of sound to 
produce high-resolution eross-seetional images. It is 
espeeially useful in the diagnosis and management of 
optie nerve and retinal diseases. 


Epiretinal membrane 

An epiretinal membrane (Fig. 8.108) is a thin sheet of 
fibrous tissue that develops on the surface of the retina in 
the area of the macula and ean causevisual problems. If 
the visual problems are signifieant, surgical removal of the 
membrane may be neeessary. 

(continues) 
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7 Outer nuclear layer 

8 External limiting membrane 
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9B Photoreeeptor outer layer 
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Fig. 8.107 Layers of the retina in a healthy eye. A. HD-OCT sean of a healthy eye. B. Sehematie indieating the layers of the retina on 
an HD-OCT sean of a healthy eye. C. Diagram illustrating the layers of the retina. 
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Fig. 8.108 High-definition optieal eoherenee tomography (HD-OCT). A. Diseased eye. B. Healthy eye. 
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EAR 


The ear is the organ of hearing and balanee. It has three 
parts (Fig. 8.109): 

The fìrst part is the external ear eonsisting of the part 
attaehed to the lateral aspeet of the head and the eanal 
leading inward. 

The seeond part is the middle ear —a eavity in the 
petrous part of the temporal bone bounded laterally, 
and separated from the external eanal, by a mem- 
brane and eonneeted internally to the pharynx by a 
narrow tube. 


The third part is the internal ear eonsisting of a series 
of eavities within the petrous part of the temporal bone 
between the middle ear laterally and the internal acous- 
tie meatus medially. 

The internal ear eonverts the meehanieal signals 
reeeived from the middle ear, which start as sound eap- 
tured by the external ear, into eleetrieal signals to transfer 
information to the brain. The internal ear also eontains 
reeeptors that deteet motion and position. 


External ear Middle ear Internal ear 



Internal acoustìc meatus 


Pharynx 


Pharyngotympanie tube 


Fig. 8.109 Right ear. 


953 


































Head and Neek 


External ear 

The external ear eonsists of two parts. The part projeeting 
from the side of the head is the auricle (pinna) and the 
eanal leading inward is the external acoustic meatus. 

Aiiriele 

The auricle is on the side of the head and assists in captur- 
ing sound. It eonsists of eartilage eovered with skin and 
arranged in a pattern of various elevations and depressions 

(Fig. 8.110). 

The large outside rim of the auricle is the helix. It ends 
inferiorly at the fleshy lobule, the only part of the auricle 
not supported by eartilage. 

The hollow eenter of the auricle is the eoneha of the 
auricle. The external acoustic meatus leaves from the 
depths of this area. 

Just anterior to the opening of the external acoustic 
meatus, in front of the eoneha, is an elevation (the tragus). 
Opposite the tragus, and above the fleshy lobiile, is another 
elevation (the antitragus). A smaller curved rim, parallel 
and anterior to the helix, is the antihelix. 


Muscles 

Numerous intrinsie and extrinsic muscles are assoeiated 
with the auricle: 

The intrinsie muscles pass between the cartilaginous 
parts of the auricle and may ehange the shape of the 
auricle. 

The extrinsic muscles, the anterior, superior, and poste- 
rior auricular muscles, pass from the sealp or skull to 
the auricle and may also play a role in positioning of 
the auricle. 

Both groups of muscles are innervated by the faeial 
nerve [VII]. 

Innervation 

Sensory innervation of the auricle is from many sources 

(Fig. 8.111): 

The outer more superfìcial surfaces of the auricle are 
supplied by the great auricular nerve (anterior and 



Antitragus Lobule 


Concha 



External 

acoustic 

meatus 


Lesser oeeipital 
nerve (C2) 



Auriculotemporal 
braneh of the 


mandibular nerve [V 3 ] 


Vagus nerve [X] 
Faeial nerve [VII] 


Great auricular nerve 

(C2,C3) 


Fig. 8.110 Auricle. 


Fig. 8.111 Sensory innervation of the auricle. 
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posterior inferior portions) and the lesser oeeipital nerve 
(posterosuperior portion) from the eervieal plexus and 
the auriculotemporal braneh of the mandibular nerve 
[V 3 ] (anterosuperior portion). 

The deeper parts of the auricle are supplied by the vagus 
nerve [X] (the auricular braneh) and the faeial nerve 
[VII] (which sends a braneh to the auricular braneh of 
the vagus nerve [X]). 

Vessels 

The arterial supply to the auricle is from numerous sources. 
The external earotid artery supplies the posterior auricular 
artery, the superfìcial temporal artery supplies anterior 
auricular branehes, and the oeeipital artery supplies a 
braneh. 

Venous drainage is through vessels following the 
arteries. 

Lymphatie drainage of the auricle passes anteriorly into 
parotid nodes and posteriorly into mastoid nodes, and pos- 
sibly into the upper deep eervieal nodes. 


External acoustic meatus 

The external acoustic meatus extends from the deepest 
part of the eoneha to the tympanie membrane (eardram), 
a distanee of approximately 1 ineh (2.5 em) (Fig. 8.112). 
Its walls eonsist of eartilage and bone. The lateral one-third 
is formed from cartilaginous extensions from some of the 
auricular eartilages and the medial two-thirds is a bony 
tunnel in the temporal bone. 

Throughout its length the external acoustic meatus is 
eovered with skin, some of which eontains hair and modi- 
fìed sweat glands producing eeramen (earwax). Its diam- 
eter varies, being wider laterally and narrow medially. 

The external acoustic meatus does not follow a straight 
course. From the external opening it passes upward in 
an anterior direetion, then turns slightly posteriorly still 
passing upward, and fìnally, turns again in an anterior 
direetion with a slight deseent. For examination purposes, 
observation of the external acoustic meatus and tympanie 
membrane ean be improved by pulling the ear superiorly, 
posteriorly, and slightly laterally. 


External acoustic meatus 


Tympanie membrane 



Fig. 8.112 External acoustic meatus. 
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Innervation 

Sensory innervation of the external acoustic meatus is 
from several of the eranial nerves. The major sensory input 
travels through branehes of the auriculotemporal nerve, a 
braneh of the mandibular nerve [V 3 ] (anterior and supe- 
rior walls), and in the auricular braneh of the vagus nerve 
[X] (posterior and inferior walls). A minor sensory input 
may also eome from a braneh of the faeial nerve [VII] to 
the auricular braneh of the vagus nerve [X]. 

Tympanie membrane 

The tympanie membrane separates the external acoustic 
meatus from the middle ear (Figs. 8.113 and 8.114). It is 
at an angle, sloping medially from top to bottom and pos- 
teriorly to anteriorly. Its lateral surface therefore faees infe- 
riorly and anteriorly. It eonsists of a eonneetive tissue eore 
lined with skin on the outside and mucous membrane on 
the inside. 

Around the periphery of the tympanie membrane a 
fíbrocartilaginous ring attaehes it to the tympanie part 
of the temporal bone. At its eenter, a eoneavity is produced 


Middle ear 



External acoustic meatus 


Tympanie membrane Pharyngotympanie 

tube 


Fig. 8.113 Middle ear. 
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Fig. 8.114 Tympanie membrane (right ear). A. Diagram. B. Otoseopie view. 
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by the attaehment on its internal surface of the lower end 
of the handle of the malleiis, part of the malleus bone 
in the middle ear. This point of attaehment is the umbo of 
the tympanie membrane. 

Anteroinferior to the umbo of the tympanie membrane 
a bright refleetion of light, referred to as the eone of light, 
is usually visible when examining the tympanie membrane 
with an otoseope. 

Superior to the umbo in an anterior direetion is the 
attaehment of the rest of the handle of the malleus (Fig. 
8 . 114 ). At the most superior extent of this line of attaeh- 
ment a small bulge in the membrane marks the position 
of the lateral proeess of the malleus as it projeets 
against the internal surface of the tympanie membrane. 
Extending away from this elevation, on the internal 
surface of the membrane, are the anterior and posterior 
malleolar folds. Superior to these folds the tympanie 
membrane is thin and slaek (the pars flaeeida), whereas 
the rest of the membrane is thiek and taut (the pars 
tensa). 

Innervation 

Innervation of the external and internal surfaces of the 
tympanie membrane is by several eranial nerves: 

Sensory innervation of the skin on the outer surface of 
the tympanie membrane is primarily by the auriculo- 
temporal nerve, a braneh of the mandibular nerve [V 3 ] 
with additional partieipation of the auricular braneh of 
the vagus nerve [X], a small contribution by a braneh 
of the faeial nerve [VII] to the auricular braneh of the 
vagus nerve [X], and possibly a contribution from the 
glossopharyngeal nerve [IX]. 

■ Sensory innervation of the mucous membrane on the 
inner surface of the tympanie membrane is earried 
entirely by the glossopharyngeal [IX] nerve. 


In the elinie 

Examination of the ear 

The ear eomprises three eomponents—the external, 
middle, and internal ear. 

Clinical examination is earried out to assess hearing 
and balanee. Further examination involves use of an 
otoseope or other imaging techniques. 

External ear 

The external ear is easily examined. The external 
acoustic meatus and the tympanie membrane require 
otoseopie examination (Fig. 8.114B). An otoseope is a 
deviee through which light ean be shone and the image 
magnified to inspeet the external acoustic meatus and 
the tympanie membrane. 

The examination begins by grasping the 
posterosuperior aspeet of the ear and gently retraeting 
it to straighten the external auditory meatus.The 
normal tympanie membrane is relatively translucent 
and has a gray-reddish tinge. The handle of the malleus 
is visible near the eenter of the membrane. In the 5 
o'eloek position a eone of light is always demonstrated. 

Middle and inner ears 

The middle ear is investigated by CT and MRI to 
visualize the malleus, incus, and stapes. The relationship 
of these bones to the middle ear eavity is determined 
and any masses identified. 

The inner ear is also assessed by CT and MRI. 

In the elinie 

Swimmer's ear 

Swimmer's ear, often ealled otitis externa, is a painful 
eondition resulting from an infeetion in the external 
acoustic meatus. It frequently occurs in swimmers. 
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ln the elinie 

Surfer's ear 

Surfer's ear, vvhieh is prevalent among individuals 
who surf or swim in eold water, results from the 
development of a "bony lump" in the external acoustic 
meatus. Growth of the lump eventually eonstriets the 
meatus and reduces hearing in the affeeted ear. 


In the dinie 

Tympanie membrane perforation 

Although perforation of the tympanie membrane 
(eardrum) has many causes 7 trauma and infeetion are 
still the eommonest causes today. 

Most ruptures of the tympanie membrane tend to 
heal spontaneoosly, but surgical intervention may be 
neeessary if the rupture is large. 

From time to time it is neeessary to enter the middle 
ear through the tympanie membrane. As the ehorda 
tympani runs in the upper one-third of the tympanie 
membrane, ineisions are always below this level. The 
rieher blood supply to the posterior aspeet of the 
tympanie membrane determines the standard surgical 
approaeh in the posteroinferior aspeet. 

Otitis media (infeetion of the middle ear) is eommon 
and ean lead to perforation of the tympanie membrane. 
The infeetion ean usually be treated with antibioties. If 
the infeetion persists, the ehronie inflammatory ehange 
may damage the ossicular ehain and other structures 
within the middle ear to produce deafness. 


Epitympanie reeess 


External acoustic 
meatus 


Malleus 


Oval window 


lncus 


Stapes 


Internal ear 



Tympanie membrane 


Pharyngotympanie tube 


Fig. 8.115 Parts of the middle ear. 


Middle ear 

The middle ear is an air-filled, mucous membrane-lined 
spaee in the temporal bone between the tympanie mem- 
brane laterally and the lateral wall of the internal ear medi- 
ally. It is deseribed as eonsisting of two parts (Fig. 8.115): 

the tympanie eavity immediately adjaeent to the tym- 

panie membrane, and 

the epitympanie reeess superiorly. 


The middle ear eomrminieates with the mastoid area 
posteriorly and the nasopharynx (via the pharyngotym- 
panie tube) anteriorly. Its basie fiinetion is to transmit 
vibrations of the tympanie membrane aeross the eavity of 
the middle ear to the internal ear. It aeeomplishes this 
through three intereonneeted but movable bones that 
bridge the spaee between the tympanie membrane and the 
internal ear. These bones are the malleus (eonneeted to the 
tympanie membrane), the incus (eonneeted to the malleus 
by a synovial joint), and the stapes (eonneeted to the incus 
by a synovial joint, and attaehed to the lateral wall of the 
internal ear at the oval window). 
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Boundaries 

The middle ear has a roof and a floor, and anterior, poste- 
rior, medial, and lateral walls (Fig. 8.116). 

Tegmental wall 

The tegmental wall (roof) of the middle ear eonsists of a 
thin layer of bone, which separates the middle ear from the 
middle eranial fossa. This layer of bone is the tegmen 
tympani on the anterior surface of the petrous part of the 
temporal bone. 

Jugular wall 

The jugular wall (floor) of the middle ear eonsists of a thin 
layer of bone that separates it from the internal jugular 


vein. Oeeasionally, the floor is thiekened by the presenee of 
mastoid air eells. 

Near the medial border of the floor is a small aperture, 
through which the tympanie braneh from the glossopha- 
ryngeal nerve [IX] enters the middle ear. 

Membranous wall 

The membranous (lateral) wall of the middle ear eonsists 
almost entirely of the tympanie membrane, but because 
the tympanie membrane does not extend superiorly into 
the epitympanie reeess, the upper part of the membranous 
wall of the middle ear is the bony lateral wall of the epi- 
tympanie reeess. 


Prominenee of lateral semicircular eanal 


Prominenee of faeial eanal 


Tegmen tympani 


Aditus to 
mastoid antrum 


Pyramidal eminenee 


Tensor tympani muscle 


pharyngotympanie tube 



Sympathetie plexus 


Internal earotid artery 


Chorda tympani nerve 


Faeial nerve [VII] 


Tympanie braneh of the glossopharyngeal nerve [IX] 
Internal jugular vein 


Fig. 8.116 Boundaries of the right middle ear. 
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Mastoid wall 

The mastoid (posterior) wall of the middle ear is only par- 
tially eomplete. The lower part of this wall eonsists of a 
bony partition between the tympanie eavity and mastoid 
air eells. Superiorly, the epitympanie reeess is continuous 
with the aditus to the mastoid antrum (Figs. 8.116 
and 8.117). 


Mastoid antrum - Aditus to mastoid antrum 



Mastoid aìr eeiis 



Mastoid air eells 

Fig. 8.117 Mastoid antmrn and surrounding bone. A. Diagram. 

B. High-resolution CT sean of left ear (petrous temporal bone). 


Assoeiated with the mastoid wall are: 

the pyramidal eminenee, a small elevation through 
which the tendon of the stapedius muscle enters the 
middle ear; and 

the opening through which the ehorda tympani nerve, 
a braneh of the faeial nerve [VII], enters the middle ear. 

Anterior wall 

The anterior wall of the middle ear is only partially eom- 
plete. The lower part eonsists of a thin layer of bone that 
separates the tympanie eavity from the internal earotid 
artery. Superiorly, the wall is defieient because of the 
presenee of: 

a large opening for the entranee of the pharyngotym- 
panie tube into the middle ear, and 
a smaller opening for the eanal eontaining the tensor 
tympani muscle. 

The foramen for the exit of the ehorda tympani 
nerve from the middle ear is also assoeiated with this wall 

(Fig. 8.116). 

Labyrinthine wall 

The labyrinthine (medial) wall of the middle ear is also the 
lateral wall of the internal ear. A prominent structure on 
this wall is a rounded bulge (the promontory) produced 
by the basal eoil of the eoehlea, which is an internal ear 
structure involved with hearing (Fig. 8.116). 

Assoeiated with the mucous membrane eovering the 
promontory is a plexus of nerves (the tympanie plexus), 
which eonsists primarily of contributions from the tym- 
panie braneh of the glossopharyngeal nerve [IX] and 
branehes from the internal earotid plexus. It supplies the 
mucous membrane of the middle ear, the mastoid area, 
and the pharyngotympanie tube. 

Additionally, a braneh of the tympanie plexus (the lesser 
petrosal nerve) leaves the promontory and the middle ear, 
travels aeross the anterior surface of the petrous part of the 
temporal bone, and leaves the middle eranial fossa through 
the foramen ovale to enter the otie ganglion. Other struc- 
tures assoeiated with the labyrinthine wall are two open- 
ings, the oval and round windows, and two prominent 
elevations (Fig. 8.116): 

The oval window i s posterosuperior t o the promontory, 
is the point of attaehment for the base of the stapes 
(footplate), and ends the ehain of bones that transfer 
vibrations initiated by the tympanie membrane to the 
eoehlea of the internal ear. 
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The round window is posteroinferior to the 
promontory. 

Posterior and superior to the oval window on the medial 
wall is the prominenee of the faeial eanal, which is 
a ridge of bone produced by the faeial nerve [VII] in its 
eanal as it passes through the temporal bone. 

Just above and posterior to the prominenee of the faeial 
eanal is a broader ridge of bone (prominenee of the 
lateral semicircular eanal) produced by the lateral 
semicircular eanal, which is a structure involved in 
deteeting motion. 

Mastoid area 

Posterior to the epitympanie reeess of the middle ear is the 
aditus to the mastoid antrum, which is the opening to the 
mastoid antmrn (Fig. 8.117). 

The mastoid antrum is a eavity continuous with eol- 
leetions of air-fìlled spaees (the mastoid eells), through- 
out the mastoid part of the temporal bone, including the 
mastoid proeess. The mastoid antmrn is separated from the 
middle eranial f ossa above by only the thin tegmen tympani. 

The mucous membrane lining the mastoid air eells is 
continuous with the mucous membrane throughout the 
middle ear. Therefore infeetions in the middle ear ean easily 
spread into the mastoid area. 



ineiis 


Tympanie membrane 


Pharyngotympanie tube 


External acoustic meatus 


Malleus 


Stapes 


Nasopharynx 


Fig. 8.118 Pharyngotympanie tube. 


In the elinie 
Mastoiditis 

infeetion within the mastoid antrum and mastoid eells is 
usually seeondary to infeetion in the middle ear. The 
mastoid eells provide an excellent culture medium for 
infeetion. infeetion of the bone (osteomyelitis) may also 
develop, spreading into the middle eranial fossa. 

Drainage of the pus within the mastoid air eells is 
neeessary and there are numerous approaehes for 
doing this. When undertaking this type of surgery, it is 
extremely important that eare is taken not to damage 
the mastoid wall of the middle ear to prevent injury 
to the faeial nerve [VII]. Any breaeh of the inner table of 
the eranial vault may allow baeteria to enter the eranial 
eavity and meningitis will ensue. 


Pharyngotympanie tube 

The pharyngotympanie tube eonneets the middle ear with 
the nasopharynx (Fig. 8.118) and equalizes pressure on 
both sides of the tympanie membrane. Its opening in 
the middle ear is on the anterior wall, and from here it 
extends forward, medially, and downward to enter the 
nasopharynx just posterior to the inferior meatus of the 
nasal eavity. It eonsists of: 


a bony part (the one-third nearest the middle ear); and 
a eartilagimms part (the remaining two-thirds). 

The opening of the bony part is elearly visible on the 
inferior surface of the skull at the junction of the squa- 
mous and petrous parts of the temporal bone immediately 
posterior to the foramen ovale and foramen spinosum. 

Vessels 

The arterial supply to the pharyngotympanie tube is from 
several sources. Branehes arise from the aseending pha- 
ryngeal artery (a braneh of the external earotid artery) 
and from two branehes of the maxillary artery (the middle 
meningeal artery and the artery of the pterygoid eanal). 

Venous drainage of the pharyngotympanie tube is to 
the pterygoid plexus of veins in the infratemporal fossa. 

Innervation 

Innervation of the mucous membrane lining the pharyn- 
gotympanie tube is primarily from the tympanie plexus 
because it is continuous with the mucous membrane lining 
the tympanie eavity, the internal surface of the tympanie 
membrane, and the mastoid antmrn and mastoid eells. 
This plexus reeeives its major contribution from the tym- 
panie nerve, a braneh of the glossopharyngeal nerve [IX]. 
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Auditory ossieles 

The bones of the middle ear eonsist of the malleus, incus, 
and stapes. They form an osseous ehain aeross the middle 
ear from the tympanie membrane to the oval window of 
the internal ear (Fig. 8.119). 
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Muscles assoeiated with the auditory ossieles modulate 
movement during the transmission of vibrations. 

Malleiis 

The malleus is the largest of the auditory ossieles and is 
attaehed to the tympanie membrane. Identifiable parts 
include the head of the malleus, neek of the malleus, 
anterior and lateral proeesses, and handle of the 
malleus (Fig. 8.119). The head of the malleus is the 
rounded upper part of the malleus in the epitympanie 
reeess. Its posterior surface articulates with the incus. 

Inferior to the head of the malleus is the eonstrieted 
neek of the malleus, and below this are the anterior and 
lateral proeesses: 

■ The anterior proeess is attaehed to the anterior wall 
of the middle ear by a ligament. 

The lateral proeess is attaehed to the anterior and pos- 
terior malleolar folds of the tympanie membrane. 

The downward extension of the malleus, below the 
anterior and lateral proeesses, is the handle of the malleus, 
which is attaehed to the tympanie membrane. 


Fig. 8.119 Auditory ossieles. A. Malleus. B. Incus. C. Stapes. 
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Fig. 8.120 Muscles assoeiated with the auditory ossieles (right ear). 
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Incus 

The seeond bone in the series of auditory ossieles is the 
incus. It eonsists of the body of the incus and long and 
short limbs (Fig. 8.119): 

The enlarged body of the incus articulates with the 
head of the malleus and is in the epitympanie reeess. 
The long limb extends downward from the body, paral- 
leling the handle of the malleus, and ends by bending 
medially to articulate with the stapes. 

The short limb extends posteriorly and is attaehed by a 
ligament to the upper posterior wall of the middle ear. 

Stapes 

The stapes is the most medial bone in the osseous ehain 
and is attaehed to the oval window. It eonsists of the head 
of the stapes, anterior and posterior limbs, and the 
base of the stapes (Fig. 8.119): 

The head of the stapes is direeted laterally and articu- 
lates with the long proeess of the incus. 

The two limbs separate from eaeh other and attaeh to 
the oval base. 

The base of the stapes fìts into the oval window on the 
labyrinthine wall of the middle ear. 

Muscles assoeiated with the ossieles 

Two muscles are assoeiated with the bony ossieles of the 
middle ear—the tensor tympani and stapedius (Fig. 8.120 
andTable 8.10). 

Tensor tympani 

The tensor tympani muscle lies in a bony eanal above the 
pharyngotympanie tube. It originates from the eartilagi- 
nous part of the pharyngotympanie tube, the greater wing 
of the sphenoid, and its own bony eanal, and passes 
through its eanal in a posterior direetion, ending in a 
rounded tendon that inserts into the upper part of the 
handle of the malleus. 


Innervation of the tensor tympani is by a braneh from 
the mandibular nerve [V 3 ]. 

Contraction of the tensor tympani pulls the handle of 
the malleus medially. This tenses the tympanie membrane, 
reducing the foree of vibrations in response to loud noises. 

Stapedius 

The stapedius muscle is a very small muscle that originates 
from inside the pyramidal eminenee, which is a small pro- 
jeetion on the mastoid wall of the middle ear (Fig. 8.120). 
Its tendon emerges from the apex of the pyramidal emi- 
nenee and passes forward to attaeh to the posterior surface 
of the neek of the stapes. 

The stapedius is innervated by a braneh from the faeial 
nerve [VII]. 

Contraction of the stapedhis muscle, usually in response 
to loud noises, pulls the stapes posteriorly and prevents 
excessive oseillation. 

Vessels 

Numerous arteries supply the structures in the middle ear: 

the two largest branehes are the tympanie braneh of 
the maxillary artery and the mastoid braneh of the 
oeeipital or posterior auricular arteries; 
smaller branehes eome from the middle meningeal 
artery, the aseending pharyngeal artery, the artery of 
the pterygoid eanal, and tympanie branehes from the 
internal earotid artery. 

Venous drainage of the middle ear returns to the ptery- 
goid plexus of veins and the superior petrosal sinus. 

Innervation 

The tympanie plexus innervates the mucous membrane 
lining the walls and eontents of the middle ear, which 
includes the mastoid area and the pharyngotympanie 
tube. It is formed by the tympanie nerve, a braneh of 
the glossopharyngeal nerve [IX], and from branehes of the 
internal earotid plexus. The tympanie plexus occurs in the 


Table8.10 Muscles ofthe middle ear 


Muscle 

Origin 

Insertion 

Innervation 

Function 

Tensor tympani 

Cartilaginous part of 
pharyngotympanie tube, 
greater wing of sphenoid, its 
own bony eanal 

llpper part of handle of 
malleus 

Braneh from mandibular 
nerve [V 3 ] 

Contraction pulls handleof 
malleus medially, tensing 
tympanie membrane 

Stapedius 

Attaehed to inside of 
pyramidal eminenee 

Neek of stapes 

Braneh of faeial nerve [VII] 

Contraction pulls stapes 
posteriorly, preventing excessive 
oseillation 
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Tympanie plexus 

Round wtndow 



Prominenee of faeial eanal 


Tensor tympani muscle 


Lesser petrosal nerve 


Pharyngotympanie tube 


v —Braneh from internal earotid plexus 

(earotieotympanie nerve) 

Tympanie nerve 

(from glossopharyngeal nerve [IX]) 


Promontory 


Fig. 8.121 Innervation of the middle ear. 


mucous membrane eovering the promontory, which is the 
rounded bulge on the labyrinthine wall of the middle ear 

(Fig. 8.121). 

As the glossopharyngeal nerve [IX] exits the skull 
through the jugular foramen, it gives off the tympanie 
nerve. This braneh reenters the skull through a small 
foramen and passes through the bone to the middle ear. 

Onee in the middle ear, the tympanie nerve forms 
the tympanie plexus, along with branehes from the 
plexus of nerves surrounding the internal earotid artery 
(earotieotympanie nerves). Branehes from the tym- 
panie plexus supply the mucous membranes of the middle 
ear, including the pharyngotympanie tube and the 
mastoid area. 

The tympanie plexus also gives off a major braneh (the 
lesser petrosal nerve), which supplies preganglionie para- 
sympathetie fibers to the otie ganglion (Fig. 8.121). 

The lesser petrosal nerve leaves the area of the promon- 
tory, exits the middle ear, travels through the petrous part 
of the temporal bone, and exits onto the anterior surface 
of the petrous part of the temporal bone through a hiatus 
just below the hiatus for the greater petrosal nerve (Fig. 
8.122). It continues diagonally aeross the anterior surface 
of the temporal bone before exiting the middle eranial fossa 
through the foramen ovale. Onee outside the skull it enters 

964 the otie ganglion. 
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Fig. 8.122 Grooves and hiatuses for the greater and lesser 
petrosal nerves. 
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Internal ear 

The internal ear eonsists of a series of bony eavities (the 
bony labyrinth) and membranous ducts and saes (the 
membranous labyrinth) within these eavities. All these 
structures are in the petrous part of the temporal bone 
between the middle ear laterally and the internal acoustic 
meatus medially (Figs. 8.123 and 8.124). 

The bony labyrinth eonsists of the vestibule, three 
semicircular eanals, and the eoehlea (Fig. 8.124). 
These bony eavities are lined with periosteum and eontain 
a elear fluid (the perilymph). 

Suspended within the perilymph but not fìlling all spaees 
of the bony labyrinth is the membranous labyrinth, which 
eonsists of the semicircular ducts, the eoehlear duct, 
and two saes (the utricle and the saccule). These mem- 
branous spaees are fìlled with endolymph. 

The structures in the internal ear eonvey information to 
the brain about balanee and hearing: 

The eoehlear duct is the organ of hearing. 

■ The semicircular ducts, utricle, and saccule are the 
organs of balanee. 



Goehlea 


[VI11] 


Posterior 
semicircular eanal 


Lateral semietreolar eanal 


Anterior 

semicircuiarcanal 


Fig. 8.123 Loeation of the internal ear in temporal bone. 
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Fig. 8.124 Intemal ear. 
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The nerve responsible for these functions is the vestibu- 
loeoehlear nerve [VIII], which divides into vestibular 
(balanee) and eoehlear (hearing) parts after entering the 
internal acoustic meatus (Fig. 8.124). 

Bony labyrinth 

The vestibule, which eontains the oval window in its lateral 
wall, is the eentral part of the bony labyrinth (Fig. 8.125). 
It eomrminieates anteriorly with the eoehlea and postero- 
superiorly with the semicircular eanals. 

A narrow eanal (the vestibular aqueduct) leaves 
the vestibule, and passes through the temporal bone to 
open on the posterior surface of the petrous part of the 
temporal bone. 

Semicircular eanals 

Projeeting in a posterosuperior direetion from the vestibule 

are the anterior, posterior, and lateral semicircular 


eanals (Fig. 8.125). Eaeh of these eanals forms two-thirds 
of a eirele eonneeted at both ends to the vestibule and with 
one end dilated to form the ampulla. The eanals are ori- 
ented so that eaeh eanal is at right angles to the other two. 

Cochlea 

Projeeting in an anterior direetion from the vestibule is the 
eoehlea, which is a bony structure that twists on itself two 
and one-half to two and three-quarter times around a 
eentral column of bone (the modiolus). This arrangement 
produces a eone-shaped structure with a base of the 
eoehlea that faees posteromedially and an apex that faees 
anterolaterally (Fig. 8.126). This positions the wide base of 
the modiolus near the internal acoustic meatus, where it 
is entered by branehes of the eoehlear part of the vestibu- 
loeoehlear nerve [VIII]. 

Extending laterally throughout the length of the modio- 
lus is a thin lamina of bone (the lamina of the modiohis, 
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966 


Fig. 8.125 Bony labyrinth. 










































Regional anatomy * Ear 


8 


or spiral lamina). Circling around the modiolus, and held 
in a eentral position by its attaehment to the lamina of the 
modiolus, is the eoehlear duct, which is a eomponent of 
the membranous labyrinth. 

Attaehed peripherally to the outer wall of the eoehlea, 
the eoehlear duct ereates two eanals (the seala vestibuli 
and the seala tympani), which extend throughout the 



Lamina of modiolus Cochlear nerve Spiral ganglion 


Fig. 8.126 Cochlea. 


eoehlea and are continuous with eaeh other at the apex 
through a narrow slit (the helieotrema): 

The seala vestibuli is continuous with the vestibule. 
The seala tympani is separated from the middle ear by 
the seeondary tympanie membrane eovering the round 
window (Fig. 8.127). 

Finally, near the round window is a small ehannel (the 
eoehlear canaliculus), which passes through the tempo- 
ral bone and opens on its inferior surface into the posterior 
eranial fossa. This provides a eonneetion between the 
perilymph-eontaining eoehlea and the subarachnoid spaee 

(Fig. 8.127). 

Membranous labyrinth 

The membranous labyrinth is a continuous system of 
ducts and saes within the bony labyrinth. It is filled with 
endolymph and separated from the periosteum that eovers 
the walls of the bony labyrinth by perilymph. 

Consisting of two saes (the utricle and the saccule) and 
four ducts (the three semicircular ducts and the eoehlear 
duct), the membranous labyrinth has unique functions 
related to balanee and hearing: 

The utricle, saccule, and three semicircular ducts are 
part of the vestibular apparatus (i.e., organs of balanee). 
The eoehlear duct is the organ of hearing. 


Lateral semicircular eanal and duct 


Posterior semicircular eanal and duct 


Utricle 


Stapes in oval window 

Utricosaccular duct 
Round window 


Opening of 
eoehlear canaliculus 


Anterior semicircular eanal and duct 


Endolymphatie sae and duct 



Dura mater 


Saccule 


Helieotrema 


Seala vestibuli 
Ooehlear duct 
Seala tympani 


Fig. 8.127 Membranous labyrinth. 
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The general organization of the parts of the membra- 
nous labyrinth (Fig. 8.127) plaees: 

the eoehlear duct within the eoehlea of the bony laby- 
rinth, anteriorly, 

the three semicircular ducts within the three semicircu- 
lar eanals of the bony labyrinth, posteriorly, and 
the saccule and utricle within the vestibule of the bony 
labyrinth, in the middle. 

Organs of balanee 


Organ of hearing 
Cochlear duct 

The eoehlear duct has a eentral position in the eoehlea of 
the bony labyrinth dividing it into two eanals (the seala 
vestibuli and the seala tympani). It is maintained in this 
position by being attaehed eentrally to the lamina of the 
modiolus, which is a thin lamina of bone extending from 
the modiolus (the eentral bony eore of the eoehlea) and 
peripherally to the outer wall of the eoehlea (Fig. 8.128). 

Thus, the triangular-shaped eoehlear duct has: 


Five of the six eomponents of the membranous labyrinth 
are eoneerned with balanee. These are the two saes (the 
utricle and the saccule) and three ducts (the anterior, pos- 
terior, and lateral semicircular ducts). 

Lltriele, saccule, and endolymphatie duct 

The utricle is the larger of the two saes. It is oval, elongated 
and irregular in shape and is in the posterosuperior part of 
the vestibule of the bony labyrinth. 

The three semicircular ducts empty into the utricle. 
Eaeh semicircular duct is similar in shape, including a 
dilated end forming the ampulla, to its eomplementary 
bony semicircular eanal, only much smaller. 

The saccule is a smaller, rounded sae lying in the antero- 
inferior part of the vestibule of the bony labyrinth (Fig. 
8.127). The eoehlear duct empties into it. 

The utriculosaccular duct establishes eontimiity 
between all eomponents of the membranous labyrinth and 
eonneets the utricle and saccule. Branehing from this small 
duct is the endolymphatie duct, which enters the ves- 
tibular aqueduct (a ehannel through the temporal bone) to 
emerge onto the posterior surface of the petrous part of the 
temporal bone in the posterior eranial fossa. Here the endo- 
lymphatie duct expands into the endolymphatie sae, 
which is an extradural pouch that functions in resorption 
of endolymph. 

Sensory reeeptors 

Functionally, sensory reeeptors for balanee are organized 
into unique structures that are loeated in eaeh of the eom- 
ponents of the vestibular apparatus. In the utricle and 
saccule the sense organ is the macula of the utricle and 
the macula of the saccule, respeetively, and in the 
ampulla of eaeh of the three semicircular ducts it is the 
erista. 

The utricle responds to centrifugal and vertieal aeeelera- 
tion, while the saccule responds to linear aeeeleration. In 
eontrast, the reeeptors in the three semicircular ducts 
respond to movement in any direetion. 


an outer wall against the bony eoehlea eonsisting of 
thiekened, epithelial-lined periosteum (the spiral 
ligament), 

a roof (the vestibular membrane), which separates 
the endolymph in the eoehlear duct from the perilymph 
in the seala vestibuli and eonsists of a membrane with 
a eonneetive tissue eore lined on either side with epithe- 
lium, and 

a floor, which separates the endolymph in the eoehlear 
duct from the perilymph in the seala tympani and eon- 
sists of the free edge of the lamina of the modiolus, and 


Modiolus 


Seala vestibuli 



Spiral organ 
Basilar membrane 


Lamina of modiolus 
Seala tympani 


Fig. 8.128 Membranous labyrinth, eross seetion. 
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a membrane (the basilar membrane) extending from 
this free edge of the lamina of the modiolus to an exten- 
sion of the spiral ligament eovering the outer wall of the 
eoehlea. 

The spiral organ is the organ of hearing, rests on 
the basilar membrane, and projeets into the enelosed, 
endolymph-filled eoehlear duct (Fig. 8.128). 

Vessels 

The arterial supply to the internal ear is divided between 
vessels supplying the bony labyrinth and the membranous 
labyrinth. 

The bony labyrinth is supplied by the same arteries that 
supply the surrounding temporal bone—these include an 
anterior tympanie braneh from the maxillary artery, a sty- 
lomastoid braneh from the posterior auricular artery, and 
a petrosal braneh from the middle meningeal artery. 

The membranous labyrinth is supplied by the labyrin- 
thine artery, which either arises from the anteroinferior 
eerebellar artery or is a direet braneh of the basilar artery— 
whatever its origin, it enters the internal acoustic meatus 
with the faeial [VII] and vestibulocochlear [VIII] nerves 
and eventually divides into: 

a eoehlear braneh, which passes through the modio- 
lus and supplies the eoehlear duct; and 
one or two vestibular branehes, which supply the ves- 
tibular apparatus. 

Venous drainage of the membranous labyrinth is 
through vestibular veins and eoehlear veins, which follow 
the arteries. These eome together to form a labyrinthine 
vein, which eventually empties into either the inferior 
petrosal sinus or the sigmoid sinus. 

Innervation 

The vestibulocochlear nerve [VIII] earries speeial afferent 
fibers for hearing (the eoehlear eomponent) and balanee 
(the vestibular eomponent). It enters the lateral surface of 
the brainstem, between the pons and medulla, after exiting 
the temporal bone through the internal acoustic meatus 
and erossing the posterior eranial fossa. 

Inside the temporal bone, at the distal end of the inter- 
nal acoustic meatus, the vestibulocochlear nerve divides 
to form: 

the eoehlear nerve, and 
the vestibular nerve. 

The vestibular nerve enlarges to form the vestibular 
ganglion, before dividing into superior and inferior 


parts, which distribute to the three semicircular ducts and 
the utricle and saccule (see Fig. 8.124). 

The eoehlear nerve enters the base of the eoehlea and 
passes upward through the modiohis. The ganglion eells of 
the eoehlear nerve are in the spiral ganglion at the base 
of the lamina of the modiolus as it winds around the modi- 
olus (Fig. 8.126). Branehes of the eoehlear nerve pass 
through the lamina of the modiolus to innervate the reeep- 
tors in the spiral organ. 

Faeial nerve [VII] in the temporal bone 

The faeialnerve [VII] is elosely assoeiated with the vestibu- 
loeoehlear nerve [VIII] as it enters the internal acoustic 
meatus of the temporal bone. Traveling through the tem- 
poral bone, its path and several of its branehes are direetly 
related to the internal and middle ears. 

The faeial nerve [VII] enters the internal acoustic 
meatus in the petrous part of the temporal bone (Fig. 
8.129A). The vestibulocochlear nerve and the labyrin- 
thine artery aeeompany it. 

At the distal end of the internal acoustic meatus, the 
faeial nerve [VII] enters the faeial eanal and continues lat- 
erally between the internal and middle ears. At this point 
the faeial nerve [VII] enlarges and bends posteriorly and 
laterally. The enlargement is the sensory geniculate gan- 
glion. As the faeial eanal continues, the faeial nerve [VII] 
turns sharply downward, and ranning in an almost verti- 
eal direetion, it exits the skull through the stylomastoid 
foramen (Fig. 8.129A). 

Branehes 

Greater petrosal nerve. At the geniculate ganglion, the 
faeial nerve [VII] gives off the greater petrosal nerve (Fig. 
8.129A). This is the first braneh of the faeial nerve [VII]. 
The greater petrosal nerve leaves the geniculate ganglion, 
travels anteromedially through the temporal bone, and 
emerges through the hiatus for the greater petrosal nerve 
on the anterior surface of the petrous part of the temporal 
bone (see Fig. 8.122). The greater petrosal nerve earries 
preganglionie parasympathetie fibers to the pterygopala- 
tine ganglion. 

Continuing beyond the bend, the position of the faeial 
nerve [VII] is indieated on the medial wall of the middle ear 
by a bulge (see Fig. 8.121). 

Nerve to stapedius and ehorda tympani. Near the begin- 
ning of its vertieal deseent, the faeial nerve [VII] gives off 
a small braneh, the nerve to the stapedhis (Fig. 8.129), 
which innervates the stapedius muscle, and just before it 
exits the skull the faeial nerve [VII] gives off the ehorda 
tympani nerve. 
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Fig. 8.129 A. Faeial nerve in the temporal bone. B. Chorda tympani in the temporal bone. 
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The ehorda tympani does not immediately exit the tem- 
poral bone, but aseends to enter the middle ear through its 
posterior wall, passing near the upper aspeet of the tym- 
panie membrane between the malleus and incus (Fig. 
8.129B). It then exits the middle ear through a eanal 
leading to the petrotympanie fissure and exits the skull 
through this fissure to join the lingual nerve in the infra- 
temporal fossa. 

Transmission of sound 

A sound wave enters the external acoustic meatus and 
strikes the tympanie membrane moving it medially (Fig. 
8.130). As the handle of the malleus is attaehed to this 
membrane, it also moves medially. This moves the head of 
the malleus laterally. Because the heads of the malleus and 
incus articulate with eaeh other, the head of the incus is 
also moved laterally. This pushes the long proeess of the 
incus medially. The long proeess articulates with the stapes, 
so its movement causes the stapes to move medially. In 
turn, because the base of the stapes is attaehed to the oval 
window, the oval window is also moved medially. 


This aetion eompletes the transfer of a large-amplitude, 
low-force, airborne wave that vibrates the tympanie mem- 
brane into a small-amplitude, high-foree vibration of the 
oval window, which generates a wave in the fluid-filled 
seala vestibuli of the eoehlea. 

The wave established in the perilymph of the seala ves- 
tibuli moves through the eoehlea and causes an outward 
bulging of the seeondary tympanie membrane eovering 
the round window at the lower end of the seala tympani 
(Fig. 8.130). This causes the basilar membrane to vibrate, 
which in turn leads to stiimilation of reeeptor eells in the 
spiral organ. 

The reeeptor eells send impulses baek to the brain 
through the eoehlear part of the vestibulocochlear nerve 
[VIII] where they are interpreted as sound. 

If the sounds are too loud, causing excessive movement 
of the tympanie membrane, eontraetion of the tensor 
tympani muscle (attaehed to the malleus) and/or the sta- 
pedius muscle (attaehed to the stapes) dampens the vibra- 
tions of the ossieles and deereases the f oree of the vibrations 
reaehing the oval window. 
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Fig. 8.130 Transmission of sound. 
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TEMPORAL AND INFRATEMPORAL FOSSAE 

The temporal and infratemporal fossae are intereonneeted 
spaees on the lateral side of the head (Fig. 8.131). Their 
boundaries are formed by bone and soft tissues. 

The temporal fossa is superior to the infratemporal 
fossa, above the zygomatie areh, and communicates with 
the infratemporal fossa below through the gap between the 
zygomatie areh and the more medial surface of the skull. 

The infratemporal fossa is a wedge-shaped spaee deep 
to the masseter muscle and the underlying ramus of the 


mandible. Structures that travel between the eranial eavity, 
neek, pterygopalatine fossa, floor of the oral eavity, floor of 
the orbit, temporal fossa, and superfìcial regions of the 
head pass through it. 

Of the four muscles of mastieation (masseter, tempora- 
lis, medial pterygoid, and lateral pterygoid) that move the 
lower jaw at the temporomandibular joint, one (masseter) 
is lateral to the infratemporal fossa, two (medial and lateral 
pterygoid) are in the infratemporal fossa, and one fìlls the 
temporal fossa. 
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Fig. 8.131 Temporal and infratemporal fossae. 
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Bony framevvork 

Bones that contribute signifieantly to the boundaries of the 
temporal and infratemporal fossae include the temporal, 
zygomatie, and sphenoid bones, and the maxilla and man- 
dible (Figs. 8.132 and 8.133). 

Parts of the frontal and parietal bones are also involved. 

Temporal bone 

The squamous part of the temporal bone forms part of the 
bony framework of the temporal and infratemporal fossae. 

The tympanie part of the temporal bone forms the pos- 
teromedial eorner of the roof of the infratemporal fossa, 
and also articulates with the head of the mandible to form 
the temporomandibular joint. 

The lateral surface of the squamous part of the tempo- 
ral bone is marked by two surface features on the medial 
wall of the temporal fossa: 


a transversely oriented supramastoid erest, which 
extends posteriorly from the base of the zygomatie 
proeess and marks the posteroinferior border of the 
temporal fossa; and 

a vertieally oriented groove for the middle temporal 
artery, a braneh of the superficial temporal artery. 

Two features that partieipate in forming the temporo- 
mandibular joint on the inferior aspeet of the root of the 
zygomatie proeess are the articular tubercle and the man- 
dibular fossa. Both are elongate from medial to lateral. Pos- 
terior to the mandibular fossa is the external acoustic 
meatus. The tympanie part of the temporal bone is a flat 
eoneave plate of bone that curves inferiorly from the baek 
of the mandibular fossa and forms part of the wall of the 
external auditory meatus. 

When viewed from inferiorly, there is a distinet 
tympanosquamous fissure between the tympanie and 
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Fig. 8.132 Bony features related to the temporal and infratemporal fossae. 
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Fig. 8.133 Mandible. A. Lateral view of left side. B. Medial view of 
left side. 


squamous parts of the temporal bone. Medially, a small slip 
of bone from the petrous part of the temporal bone insinu- 
ates itself into the fissure and forms a petrotympanie 
fissure between it and the tympanie part (Fig. 8.132). 

The ehorda tympani nerve exits the skull and enters the 
infratemporal fossa through the medial end of the petro- 
tympanie fissure. 

Sphenoid bone 

The parts of the sphenoid bone that form part of the bony 
framework of the infratemporal fossa are the lateral plate 
of the pterygoid proeess and the greater wing (Fig. 8.132). 
The greater wing also forms part of the medial wall of the 
temporal fossa. 

The greater wings extend one on eaeh side from the 
974 body of the sphenoid. They projeet laterally from the body 


and curve superiorly. The inferior and lateral surfaces form 
the roof of the infratemporal fossa and the medial wall of 
the temporal fossa, respeetively. 

The sharply angled boundary between the lateral and 
inferior surfaces of the greater wing is the infratemporal 
erest (Fig. 8.132). Two apertures (the foramen ovale 
and the foramen spinosum) pass through the base of the 
greater wing and allow the mandibular nerve [V 3 ] and 
the middle meningeal artery, respeetively, to pass between 
the middle eranial fossa and infratemporal fossa. In addi- 
tion, one or more small sphenoidal emissary foramina pen- 
etrate the base of the greater wing anteromedial to the 
foramen ovale and allow emissary veins to pass between 
the pterygoid plexus of veins in the infratemporal fossa and 
the cavernous sinus in the middle eranial fossa. 

Projeeting vertieally downward from the greater 
wing immediately medial to the foramen spinosum is the 
irregularly shaped spine of the sphenoid, which is the 
attaehment site for the eranial end of the sphenomandibu- 
lar ligament. 

The lateral plate of the pterygoid proeess is a vertieally 
oriented sheet of bone that projeets posterolaterally from 
the pterygoid proeess (Fig. 8.132). Its lateral and medial 
surfaces provide attaehment for the lateral and medial 
pterygoid muscles, respeetively. 

Maxilla 

The posterior surface of the maxilla contributes to the 
anterior wall of the infratemporal fossa (Fig. 8.132). This 
surface is marked by a foramen for the posterosuperior 
alveolar nerve and vessels. The superior margin forms the 
inferior border of the inferior orbital fissure. 

Zygomatie bone 

The zygomatie bone is a quadrangular-shaped bone that 
forms the palpable bony prominenee of the eheek: 

■ A maxillary proeess extends anteromedially to articu- 
late with the zygomatie proeess of the maxilla. 

■ A frontal proeess extends superiorly to articulate with 
the zygomatie proeess of the frontal bone. 

■ A temporal proeess extends posteriorly to articulate 
with the zygomatie proeess of the temporal bone to 
eomplete the zygomatie areh. 

A small zygomatieofaeial foramen on the lateral surface 
of the zygomatie bone transmits the zygomatieofaeial 
nerve and vessels onto the eheek. 

A thin plate of bone extends posteromedially from the 
frontal proeess and contributes to the lateral wall of the 
orbit on one side and the anterior wall of the temporal 
fossa on the other. A zygomatieotemporal foramen on the 
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temporal fossa surface of the plate where it attaehes to the 
frontal proeess is for the zygomatieotemporal nerve. 

Ramus of mandible 

The ramus of the mandible is quadrangular in shape 
and has medial and lateral surfaces and eondylar and eoro- 
noid proeesses (Fig. 8.133). 

The lateral surface of the ramus of the mandible is gen- 
erally smooth except for the presenee of a few obliquely 
oriented ridges. Most of the lateral surface provides attaeh- 
ment for the masseter muscle. 

The posterior and inferior borders of the ramus interseet 
to form the angle of the mandible, while the superior 
border is notehed to form the mandibular noteh. The 
anterior border is sharp and is continuous below with the 
oblique line on the body of the mandible. 

The eoronoid proeess extends superiorly from the 
junction of the anterior and superior borders of the ramus. 
It is a flat, triangular proeess that provides attaehment for 
the temporalis muscle. 

The eondylar proeess extends superiorly from the pos- 
terior and superior borders of the ramus. It eonsists of: 

the head of the mandible, which is expanded medi- 
ally and partieipates in forming the temporomandibular 
joint; and 

the neek of the mandible, which bears a shallow 
depression (the pterygoid fovea) on its anterior surface 
for attaehment of the lateral pterygoid muscle. 


The medial surface of the ramus of the mandible is the 
lateral wall of the infratemporal fossa (Fig. 8.133B). Its 
most distinetive feature is the mandibular foramen, 
which is the superior opening of the mandibular eanal. 
The inferior alveolar nerve and vessels pass through this 
foramen. 

Immediately anterosuperior to the mandibular foramen 
is a triangular elevation (the lingula) for attaehment 
of the mandibular end of the sphenomandibular 
ligament. 

An elongate groove (the mylohyoid groove) extends 
anteroinferiorly from the mandibular foramen. The nerve 
to the mylohyoid is in this groove. 

Posteroinferior to the mylohyoid groove and mandibu- 
lar foramen, the medial surface of the ramus of the man- 
dible is roughened for attaehment of the medial pterygoid 
muscle. 

Temporomandibular joints 

The temporomandibular joints, one on eaeh side, allow 
opening and elosing of the mouth and complex chewing 
or side-to-side movements of the lower jaw. 

Eaeh joint is synovial and is formed between the head of 
the mandible and the articular fossa and articular tubercle 
of the temporal bone (Fig. 8.134A). 

Unlike most other synovial joints where the articular 
surfaces of the bones are eovered by a layer of hyaline 
eartilage, those of thetemporomandibularjoint areeovered 
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Fig. 8.134 Temporomandibular joint. A. Mouth elosed. B. Mouth open. 
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byfibroeartilage. Inaddition, the jointiseompletely divided 
by a fibrous articular dise into two parts: 

The lower part of the joint allows mainly the hinge-like 
depression and elevation of the mandible. 

The upper part of the joint allows the head of the man- 
dible to transloeate forward (protrusion) onto the artie- 
ular tubercle and backward (retraetion) into the 
mandibular fossa. 

Opening the mouth involves both depression and pro- 
tmsion (Fig. 8.134B). 

The forward or protrusive movement allows greater 
depression of the mandible by preventing backward 
movement of the angle of the mandible into structures in 
the neek. 

Joint capsule 

The synovial membrane of the joint capsule lines all 
nonarticular surfaces of the upper and lower eompart- 
ments of the joint and is attaehed to the margins of the 
articular dise. 

The fíbrous membrane of the joint capsule eneloses 
the temporomandibular joint complex and is attaehed: 

above along the anterior margin of the articular 
tubercle, 

laterally and medially along the margins of the articular 
fossa, 

posteriorly to the region of the tympanosquamous 
suture, and 

below around the upper part of the neek of the 
mandible. 


Movements of the mandible 

A chewing or grinding motion occurs when the move- 
ments at the temporomandibular joint on one side are eoor- 
dinated with a reeiproeal set of movements at the joint on 
the other side. Movements of the mandible include depres- 
sion, elevation, protrusion, and retraetion (Fig. 8.136): 


Lateral ligament 



Stylomandibular ligament 


Sphenomandibular ligament 


Capsule 


Fig. 8.135 Ligaments assoeiated with the temporomandibular 
joint. 


The articular dise attaehes around its periphery to the 
inner aspeet of the fibrous membrane. 

Extracapsular ligaments 

Three extracapsular ligaments are assoeiated withthe tem- 
poromandibular joint—the lateral, sphenomandibular, 
and the stylomandibular ligaments (Fig. 8.135): 

The lateral ligament is elosest to the joint, just lateral 
to the capsule, and runs diagonally backward from the 
margin of the articular tubercle to the neek of the 
mandible. 

The sphenomandibular ligament is medial to the 
temporomandibular joint, runs from the spine of the 
sphenoid bone at the base of the skull to the lingula on 
the medial side of the ramus of the mandible. 

The stylomandibular ligament passes from the 
styloid proeess of the temporal bone to the posterior 
margin and angle of the mandible. 
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Fig. 8.136 Movements of the temporomandibular joint. 
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Depression is generated by the digastrie, geniohyoid, and 
mylohyoid muscles on both sides, is normally assisted by 
gravity, and, because it involves forward movement of 
the head of the mandible onto the articular tubercle, the 
lateral pterygoid muscles are also involved. 

Elevation is a very powerful movement generated by the 
temporalis, masseter, and medial pterygoid muscles and 
also involves movement of the head of the mandible 
into the mandibular fossa. 

Protraetion is mainly aehieved by the lateral pterygoid 
muscle, with some assistanee by the medial pterygoid. 
Retraetion is earried out by the geniohyoid and digastrie 
muscles, and by the posterior and deep fibers of the 
temporalis and masseter muscles, respeetively. 

Except for the geniohyoid muscle, which is innervated 
by the C1 spinal nerve, all muscles that move the temporo- 
mandibular joints are innervated by the mandibular nerve 
[V 3 ] by branehes that originate in the infratemporal fossa. 


Masseter muscle 

The masseter muscle is a powerful muscle of mastieation 
that elevates the mandible (Fig. 8.137 and Pable 8.11). It 
overlies the lateral surface of the ramus of the mandible. 




Masseterte artery 
Masselerie nerve 


Mandibular noteh 


Fig. 8.137 Masseter muscle. 


Table 8.11 Muscles of mastieation 


Muscle Origin 


Insertion 


Innervation 


Function 


Masseter 


Temporalis 


Zygomatie areh and 
maxillary proeess of the 
zygomatie bone 

Boneof temporal fossa and 
temporal faseia 


Lateral surface of ramus of 
mandible 

Coronoid proeess of mandible 
and anterior margin of ramus of 
mandible almost to last molar 
tooth 


Masseterie nerve from the 
anterior trunk of the 
mandibular nerve [V 3 ] 

Deeptemporal nerves from 
the anterior trunk of the 
mandibular nerve [V 3 ] 


Elevation of mandible 


Elevation and retraetion of 
mandible 


Medial pterygoid 


Deep head—medial surface Medial surface of mandible near 

of lateral plate of pterygoid angle 

proeess and pyramidal 

proeess of palatine bone; 

superficial head—tuberosity 

of the maxilla and pyramidal 

proeess of palatine bone 


Nerve to medial pterygoid 
from the mandibular nerve 
[V 3 ] 


Elevation and side-to-side 
movements of the mandible 


Lateral pterygoid Upper head—roof of 

infratemporal fossa; lower 
head—lateral surface of 
lateral plate ofthe 
pterygoid proeess 


Capsule of temporomandibular 
joint in the region of attaehment 
to the articular dise and to the 
pterygoid fovea on the neek of 
mandible 


Nerve to lateral pterygoid 
direetly from the anterior 
trunk of the mandibular 
nerve [V 3 ] or from the 
buccal braneh 


Protmsion and side-to-side 
movements of the mandible 
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The masseter muscle is quadrangular in shape and is 
anehored above to the zygomatie areh and below to most 
of the lateral surface of the ramus of the mandible. 

The more superficial part of the masseter originates 
from the maxillary proeess of the zygomatie bone and the 
anterior two-thirds of the zygomatie proeess of the maxilla. 
It inserts into the angle of the mandible and related poste- 
rior part of the lateral surface of the ramus of the 
mandible. 

The deep part of the masseter originates from the 
medial aspeet of the zygomatie areh and the posterior part 
of its inferior margin and inserts into the eentral and upper 
part of the ramus of the mandible as high as the eoronoid 
proeess. 

The masseter is innervated by the masseterie nerve from 
the mandibular nerve [V 3 ] and supplied with blood by the 
masseterie artery from the maxillary artery. 

The masseterie nerve and artery originate in the infra- 
temporal fossa and pass laterally over the margin of the 
mandibular noteh to enter the deep surface of the masseter 
muscle. 


Temporal fossa 

The temporal fossa is a narrow fan-shaped spaee that 
eovers the lateral surface of the skull (Fig. 8.138A): 

Its upper margin is defined by a pair of temporal lines 
that areh aeross the skull from the zygomatie proeess of 
the frontal bone to the supramastoid erest of the tempo- 
ral bone. 

It is limited laterally by the temporal faseia, which is 
a tough, fan-shaped aponeurosis overlying the tempo- 
ralis muscle and attaehed by its outer margin to the 
superior temporal line and by its inferior margin to the 
zygomatie areh. 

■ Anteriorly, it is limited by the posterior surface of the 
frontal proeess of the zygomatie bone and the posterior 
surface of the zygomatie proeess of the frontal bone, 
which separate the temporal fossabehind from the orbit 
in front. 
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Fig. 8.138 Temporal fossa. A. Lateral view. B. Lateral view showing the infratemporal fossa. 
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Its inferior margin is marked by the zygomatie areh lat- 
erally and by the infratemporal erest of the greater wing 
of the sphenoid medially (Fig. 8.138B) —between these 
two features, the floor of the temporal fossa is open 
medially to the infratemporal fossa and laterally to the 
region eontaining the masseter muscle. 

Contents 

The major structure in the temporal fossa is the temporalis 
muscle. 

Also passing through the fossa is the zygomatieotempo- 
ral braneh of the maxillary nerve [V 2 ], which enters the 
region through the zygomatieotemporal foramen on the 
temporal fossa surface of the zygomatie bone. 

Temporalis muscle 

The temporalis muscle is a large, fan-shaped muscle that 
fìlls much of the temporal fossa (Fig. 8.139). It originates 


from the bony surfaces of the fossa superiorly to the infe- 
rior temporal line and is attaehed laterally to the surface of 
the temporal faseia. The more anterior fìbers are oriented 
vertieally while the more posterior fìbers are oriented hori- 
zontally. The fìbers eonverge inferiorly to form a tendon, 
which passes between the zygomatie areh and the infra- 
temporal erest of the greater wing of the sphenoid to insert 
on the eoronoid proeess of the mandible. 

The temporalis muscle attaehes down the anterior 
surface of the eoronoid proeess and along the related 
margin of the ramus of the mandible, almost to the last 
molar tooth. 

The temporalis is a powerful elevator of the mandible. 
Because this movement involves posterior transloeation 
of the head of the mandible from the articular tubercle of 
the temporal bone and baek into the mandibular fossa, the 
temporalis also retraets the mandible or pulls it posteriorly. 
In addition, the temporalis partieipates in side-to-side 
movements of the mandible. 
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Fig. 8.139 Temporalis muscle. Lateral view. 
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The temporalis is innervated by deep temporal nerves 
that originate from the mandibiilar nerve [V 3 ] in the infra- 
temporal fossa and then pass into the temporal fossa. 

Blood supply of the temporalis is by deep temporal arter- 
ies, which travel with the nerves, and the middle temporal 
artery, which penetrates the temporal faseia at the poste- 
rior end of the zygomatie areh. 

Deep temporal nerves 

The deep temporal nerves, usually two in number, origi- 
nate from the anterior tmnk of the mandibular nerve [V 3 ] 
in the infratemporal fossa (Fig. 8.140). They pass superi- 
orly and around the infratemporal erest of the greater 
wing of the sphenoid to enter the temporal fossa deep to 
the temporalis muscle, and supply the temporalis muscle. 

Zygomatieotemporal nerve 

The zygomatieotemporal nerve is a braneh of the zygo- 
matie nerve (see Fig. 8.84, p. 933). The zygomatie nerve is 
a braneh of the maxillary nerve [V 2 ], which originates in 
the pterygopalatine fossa and passes into the orbit. 


The zygomatieotemporal nerve enters the temporal 
fossa through one or more small foramina on the temporal 
fossa surface of the zygomatie bone. 

Branehes of the zygomatieotemporal nerve pass superi- 
orly between the bone and the temporalis muscle to pene- 
trate the temporal faseia and supply the skin of the temple 

(Fig. 8.140). 

Deep temporal arteries 

Normally two in number, these vessels originate from the 
maxillary artery in the infratemporal fossa and travel with 
the deep temporal nerves around the infratemporal erest 
of the greater wing of the sphenoid to supply the tempora- 
lis nrnsele (Fig. 8.140). They anastomose with branehes of 
the middle temporal artery. 

Middle temporal artery 

The middle temporal artery originates from the superficial 
temporal artery just superior to the root of the zygomatie 
areh between this structure and the external ear (Fig. 
8.140). It penetrates the temporalis faseia, passes under 
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Fig. 8.140 Nerves and arteries of the temporal fossa. 
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the margin of the temporalis muscle, and travels superiorly 
on the deep surface of the temporalis muscle. 

The middle temporal artery supplies the temporalis 
and anastomoses with branehes of the deep temporal 
arteries. 

Infratemporal fossa 

The wedge-shaped infratemporal fossa is inferior to the 
temporal fossa and between the ramus of the mandible 
laterally and the wall of the pharynx medially. It has a roof, 
a lateral wall, and a medial wall, and is open to the neek 
posteroinferiorly (Fig. 8.141): 

■ The roof is f ormed b y the inf erior surf aees o f the greater 
wing of the sphenoid and the temporal bone, eontains 
the foramen spinosum, foramen ovale, and the petro- 
tympanie fissure, and lateral to the infratemporal erest 
of the greater wing of the sphenoid, is open superiorly 
to the temporal fossa. 

The lateral wall is the medial surface of the ramus 
of the mandible, which eontains the opening to the 
mandibular eanal. 


The medial wall is formed anteriorly by the lateral 
plate of the pterygoid proeess and more posteriorly by 
the pharynx and by two muscles of the soft palate 
(tensor and levator veli palatini muscles), and eontains 
the pterygomaxillary fissure anteriorly, which allows 
structures to pass between the infratemporal and ptery- 
gopalatine fossae. 

The anterior wall is formed by part of the posterior 
surface of the maxilla and eontains the alveolar 
foramen, and the upper part opens as the inferior orbital 
fissure into the orbit. 

Contents 

Major eontents of the infratemporal fossa include the sphe- 
nomandibular ligament, medial and lateral pterygoid 
muscles (Table 8.11), themaxillary artery, the mandibular 
nerve [V 3 ], branehes of the faeial nerve [VII] and the glos- 
sopharyngeal nerve [IX], and the pterygoid plexus of veins. 

Sphenomandibular ligament 

The sphenomandibular ligament is an extracapsular liga- 
ment of the temporomandibular joint. It is attaehed 
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Fig. 8.141 Borders of the infratemporal fossa. 
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superiorly to the spine of the sphenoid bone and expands 
inferiorly to attaeh to the lingula of the mandible and the 
posterior margin of the mandibular foramen (Fig. 8.142). 

Medial pterygoid 

The medial pterygoid muscle is quadrangular in shape 
and has deep and superficial heads (Fig. 8.142): 

The deep head is attaehed above to the medial surface 
of the lateral plate of the pterygoid proeess and the asso- 
eiated surface of the pyramidal proeess of the palatine 
bone, and deseends obliquely downward, medial to the 
sphenomandibular ligament, to attaeh to the rough- 


ened medial surface of the ramus of the mandible near 
the angle of the mandible. 

The siiperfìeial head originates from the tuberosity of 
the maxilla and adjaeent pyramidal proeess of the pala- 
tine bone and joins with the deep head to insert on the 
mandible. 

The medial pterygoid mainly elevates the mandible. 
Because it passes obliquely backward to insert into the 
mandible, it also assists the lateral pterygoid muscle in pro- 
tmding the lower jaw. 

The medial pterygoid is innervated by the nerve to the 
medial pterygoid from the mandibular nerve [V 3 ]. 
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Fig. 8.142 Medial pterygoid muscle. 
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Lateral pterygoid 

The lateral pterygoid is a thiek triangular muscle and like 
the medial pterygoid muscle has two heads (Fig. 8.143): 

The upper head originates from the roof of the infra- 
temporal fossa (inferior surface of the greater wing of 
the sphenoid and the infratemporal erest) lateral to the 
foramen ovale and foramen spinosum. 

The lower head is larger than the upper head and 
originates from the lateral surface of the lateral plate of 
the pterygoid proeess, and the inferior part insinuates 
itself between the eranial attaehments of the two heads 
of the medial pterygoid. 

The fibers from both heads of the lateral pterygoid 
muscle eonverge to insert into the pterygoid fovea of the 
neek of the mandible and into the capsule of the temporo- 
mandibular j oint in the region where the c apsule is attaehed 
internally to the articular dise. 


Unlike the medial pterygoid muscle whose fibers tend 
to be oriented vertieally, those of the lateral pterygoid 
are oriented almost horizontally. As a result, when 
the lateral pterygoid eontraets it pulls the articular 
dise and head of the mandible forward onto the articular 
tubercle and is therefore the major protruder of the 
lower jaw. 

The lateral pterygoid is innervated by the nerve to the 
lateral pterygoid from the mandibular nerve [V 3 ]. 

When the lateral and medial pterygoids eontraet on 
only one side, the ehin moves to the opposite side. When 
opposite movements at the two temporomandibular joints 
are eoordinated, a chewing movement results. 

Mandibular nerve [V 3 ] 

The mandibular nerve [V 3 ] is the largest of the three divi- 
sions of the trigeminal nerve [V]. 

Unlike the ophthalmie [V 3 ] and maxillary [V 2 ] nerves, 
which are purely sensory, the mandibular nerve [V 3 ] is 
both motor and sensorv. 
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Fig. 8.143 Lateral pterygoid muscle. 
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In addition to earrying general sensation from the teeth 
and gingivae of the mandible, the anterior two-thirdsof the 
tongue, mucosa on the floor of the oral eavity, the lower lip, 
skin over the temple and lower faee, and part of the eranial 
dura mater, the mandibular nerve [V 3 ] also earries motor 
innervation to most of the imiseles thatmove the mandible, 
one of the nmseles (tensor tympani) in the middle ear, and 
one of the rmiseles of the soft palate (tensor veli palatini). 

All branehes of the mandibular nerve [V 3 ] originate in 
the infratemporal fossa. 

Like the ophthalmie [V 3 ] and maxillary [V 2 ] nerves, 
the sensory part of the mandibular nerve [V 3 ] originates 
from the trigeminal ganglion in the middle eranial fossa 

(Fig. 8.144): 

■ The sensory part of the mandibular nerve [V 3 ] drops 
vertieally through the foramen ovale and enters the 
infratemporal fossa between the tensor veli palatini 
muscle and the upper head of the lateral pterygoid 
muscle. 

The small motor root of the trigeminal nerve [V] passes 
medial to the trigeminal ganglion in the eranial eavity, 
then passes through the foramen ovale and immediately 
joins the sensory part of the mandibular nerve [V 3 ]. 


Branehes 

Soon after the sensory and motor roots join, the mandibu- 
lar nerve [V 3 ] gives rise to a small meningeal braneh and 
to the nerve to the medial pterygoid, and then divides into 
anterior and posterior trnnks (Fig. 8.144): 

Branehes from the anterior tmnk are the buccal, mas- 
seterie, and deep temporal nerves, and the nerve to the 
lateral pterygoid, all of which, except the buccal nerve 
(which is predominantly sensory) are motor nerves. 
Branehes from the posterior tmnk are the auriculotem- 
poral, lingual, and inferior alveolar nerves, all of which, 
except a small nerve (nerve to the mylohyoid) that 
branehes from the inferior alveolar nerve, are sensory 
nerves. 

Meningeal braneh 

The meningeal braneh originates from the medial side of 
the mandibular nerve [V 3 ] and aseends to leave the infra- 
temporal fossa with the middle meningeal artery and 
reenter the eranial eavity through the foramen spinosum 
(Fig. 8.144). It is sensory for the dura mater, mainly of the 
middle eranial fossa, and also supplies the mastoid eells 
that communicate with the middle ear. 
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Fig. 8.144 Mandibular nerve [V 3 ]—anterior trunk. Meningeal braneh and nerve to medial pterygoid. 
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Nerve to medial pterygoid 

The nerve to the medial pterygoid also originates medially 
from the mandibular nerve [V 3 ] (Fig. 8.144). It deseends to 
enter and supply the deep surface of the medial pterygoid 
rmisele. Near its origin from the mandibular nerve [V 3 ], it 
has two small branehes: 

One of these supplies the tensor veli palatini. 

The other aseends to supply the tensor tympani imisele, 
which occupies a small bony eanal above and parallel to 
the pharyngotympanie tube in the temporal bone. 

Buccal nerve 

The buccal nerve is a braneh of the anterior trunk of the 
mandibular nerve [V 3 ] (Fig. 8.144). It is predominantly a 
sensory nerve, but may also earry the motor innervation 
to the lateral pterygoid muscle and to part of the temporalis 
muscle. 

The buccal nerve passes laterally between the upper 
and lower heads of the lateral pterygoid and then deseends 
around the anterior margin of the insertion of the tem- 
poralis muscle to the anterior margin of the ramus of the 
mandible, often slipping through the tendon of the tem- 
poralis. It continues into the eheek lateral to the buccina- 
tor nrnsele to supply general sensory nerves to the adjaeent 
skin and oral mucosa and the buccal gingivae of the lower 
molars. 


Masseterie nerve 

The masseterie nerve is a braneh of the anterior trunk of 
the mandibular nerve [V 3 ] (Fig. 8.144; also seeFig. 8.137). 
It passes laterally over the lateral pterygoid nmsele and 
through the mandibular noteh to penetrate and supply the 
masseter muscle. 

Deep temporal nerves 

The deep temporal nerves, usually two in number, origi- 
nate from the anterior tmnk of the mandibular nerve [V 3 ] 
(Fig. 8.144; also see Fig. 8.140). They pass laterally above 
the lateral pterygoid muscle and curve around the infra- 
temporal erest to aseend in the temporal fossa and supply 
the temporalis muscle from its deep surface. 

Nerve to lateral pterygoid 

The nerve to the lateral pterygoid may originate direetly as 
a braneh from the anterior trank of the mandibular nerve 
[V 3 ] or from its buccal braneh (Fig. 8.144). From its origin, 
it passes direetly into the deep surface of the lateral ptery- 
goid muscle. 

Auriculotemporal nerve 

The auriculotemporal nerve is the fìrst braneh of the pos- 
teriortrankof the mandibular nerve [V 3 ] and originates as 
two roots, which pass posteriorly around the middle men- 
ingeal artery aseending from the maxillary artery to the 
foramen spinosum (Fig. 8.145). 
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Fig. 8.145 Mandibular nerve [V 3 ]—posterior trunk. A. Lateral view. 
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Fig. 8.145, eont’d B. Anterior view. C. Anteromedial view. 


The auriculotemporal nerve passes fìrst between the 
tensor veli palatini muscle and the upper head of the lateral 
pterygoid muscle, and then between the sphenomandibu- 
lar ligament and the neek of the mandible. It curves later- 
ally around the neek of the mandible and then aseends 
deep to the parotid gland between the temporomandibular 
joint and ear. 

The terminal branehes of the auriculotemporal nerve 
earry general sensation from skin over a large area of 
the temple. In addition, the auriculotemporal nerve eon- 
tributes to sensory innervation of the external ear, the 
external auditory meatus, tympanie membrane, and tem- 
poromandibular joint. It also delivers postganglionie para- 
sympathetie nerves from the glossopharyngeal nerve [IX] 
to the parotid gland. 

Lingual nerve 

The lingiial nerve is a major sensory braneh of the pos- 
986 teriortmnkof the mandibular nerve [V 3 ] (Fig. 8.145A,B). 

It earries general sensation from the anterior two-thirds of 


the tongue, oral mucosa on the floor of the oral eavity, and 
lingual gingivae assoeiated with the lower teeth. 

The lingual nerve is joined high in the infratemporal 
fossa by the ehorda tympani braneh of the faeial nerve 

[VII] (Fig. 8.1450, which earries: 

■ taste from the anterior two-thirds of the tongue, and 
parasympathetie fìbers to all salivary glands below the 
level of the oral fìssure. 

The lingual nerve fìrst deseends between the tensor veli 
palatini muscle and the lateral pterygoid muscle, where it 
is joined by the ehorda tympani nerve, and then deseends 
aeross the lateral surface of the medial pterygoid rmisele to 
enter the oral eavity. 

The lingual nerve enters the oral eavity between the 
posterior attaehment of the mylohyoid muscle to the 
mylohyoid line and the attaehment of the superior eon- 
strietor of the pharynx to the pterygomandibular raphe. 
As the lingual nerve enters the floor of the oral eavity, 
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it is in a shallow groove on the medial surface of the 
mandible immediately inferior to the last molar tooth. 
In this position, it is palpable through the oral mucosa 
and in danger when one is operating on the molar teeth 
and gingivae (Fig. S.145C). 

The lingual nerve passes into the tongue on the lateral 
surface of the hyoglossus muscle where it is attaehed to 
the submandibular ganglion. This ganglion is where 
the preganglionie parasympathetie fibers earried from the 
infratemporal fossa into the floor of the oral eavity on the 
lingual nerve synapse with postganglionie parasympa- 
thetie fibers (see Fig. 8.146). 

Inferior alveolar nerve 

The inferior alveolar nerve, like the lingual nerve, is 
a major sensory braneh of the posterior trunk of the 
mandibular nerve [V 3 ] (Fig. 8.145A-C). In addition to 
innervating all lower teeth and much of the assoeiated 
gingivae, it also supplies the mucosa and skin of the lower 
lip and skin of the ehin. It has one motor braneh, which 
innervates the mylohyoid muscle and the anterior belly of 
the digastrie muscle. 

The inferior alveolar nerve originates deep to the lateral 
pterygoid muscle from the posterior trunk of the man- 
dibular nerve [V 3 ] in assoeiation with the lingual 
nerve. It deseends on the lateral surface of the medial 
pterygoid muscle, passes between the sphenomandibular 
ligament and the ramus of the mandible, and then enters 
the mandibular eanal through the mandibular foramen. 
Just before entering the mandibular foramen, it gives 
origin to the nerve to the mylohyoid (Fig. 8.145C), 
which lies in the mylohyoid groove inferior to the foramen 
and continues anteriorly below the floor of the oral eavity 
to innervate the mylohyoid muscle and the anterior belly 
of the digastrie muscle. 

The inferior alveolar nerve passes anteriorly within the 
mandibular eanal of the lower jaw. The mandibular eanal 
and its eontents are inferior to the roots of the molar teeth, 
and the roots ean sometimes curve around the eanal 
making extraction of these teeth difficult. 

The inferior alveolar nerve supplies branehes to the 
three molar teeth and the seeond premolar tooth and asso- 
eiated labial gingivae, and then divides into its two termi- 
nal branehes: 

the ineisive nerve, which continues in the mandibular 
eanal to supply the first premolar, ineisor, and eanine 
teeth, and related gingivae; and 

the mental nerve, which exits the mandible through 
the mental foramen and supplies the lower lip and 
ehin (Fig. 8.145A,B). The mental nerve is palpable and 
sometimes visible through the oral mucosa adjaeent to 
the roots of the premolar teeth. 


Chorda tympani and the lesser petrosal nerve 

Branehes of two eranial nerves join branehes of the man- 
dibular nerve [V 3 ] in the infratemporal fossa (Fig. 8.146). 
These are the ehorda tympani braneh of the faeial nerve 
[VII] and the lesser petrosal nerve, a braneh of the tym- 
panie plexus in the middle ear, which had its origin from a 
braneh of the glossopharyngeal nerve [IX] (see Fig. 8.121, 
p. 964). 

Chorda tympani 

The ehorda tympani (Fig. 8.146) earries taste from the 
anterior two-thirds of the tongue and parasympathetie 
innervation to all salivary glands below the level of the oral 
fissure. 

The ehorda tympani originates from the faeial nerve 
[VII] within the temporal bone and in assoeiation with the 
mastoid wall of the middle ear, passes anteriorly through 
a small eanal, and enters the lateral aspeet of the middle 
ear. As it continues anterosuperiorly aeross the middle ear, 
it is separated from the tympanie membrane by the handle 
of the malleus. It leaves the middle ear through the medial 
end of the petrotympanie fissure, enters the infratemporal 
fossa, deseends medial to the spine of the sphenoid and then 
to the lateral pterygoid muscle, and joins the lingual nerve. 

Preganglionie parasympathetie fibers earried in the 
ehorda tympani synapse with postganglionie parasympa- 
thetie fibers in the submandibular ganglion, which “hangs 
off” the lingual nerve in the floor of the oral eavity (Fig. 

8.146). 

Postganglionie parasympathetie fibers leave the sub- 
mandibular ganglion and either: 

■ reenter the lingual nerve to travel with its terminal 
branehes to reaeh target tissues, or 

■ pass direetly from the submandibular ganglion into 
glands (Fig. 8.146). 

The taste (SA) fibers do not pass through the ganglion 
and are distributed with terminal branehes of the lingual 
nerve. 

In the elinie 

Lingual nerve injury 

A lingual nerve injury proximal to where the ehorda 
tympani joins it in the infratemporal fossa will produce 
loss of general sensation from the anterior two-thirds of 
the tongue, oral mucosa 7 gingivae, the lower lip, and 
the ehin. 

If a lingual nerve lesion is distal to the site where it is 
joined by the ehorda tympani, seeretion from the 
salivary glands below the oral fissure and taste from the 
anterior two-thirds of the tongue will also be lost. 
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Fig. 8.146 Chorda tympani and lesser petrosal nerves. A. Course after emerging from the skull. B. Course of parasympathetie fibers. 
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Lesser petrosal nerve 

The lesser petrosal nerve earries mainly parasympathetie 
fibers destined for the parotid gland (Fig. 8.146). The pre- 
ganglionie parasympathetie fibers are loeated in the glos- 
sopharyngeal nerve [IX] as it exits the jugular foramen at 
the base of the skull. Branehing from the glossopharyngeal 
nerve [IX] either within or immediately outside the jugular 
foramen is the tympanie nerve (Fig. 8.146B). 

The tympanie nerve reenters the temporal bone through 
a small foramen on the ridge of bone separating the jugular 
foramen from the earotid eanal and aseends through a 
small bony eanal (inferior tympanie canaliculus) to the 
promontory loeated on the labyrinthine (medial) wall of 
the middle ear. Here it partieipates in the formation of the 
tympanie plexus. The lesser petrosal nerve is a braneh of 
this plexus (Fig. 8.146B). 

The lesser petrosal nerve eontains mainly preganglionie 
parasympathetie fibers. It leaves the middle ear and enters 
the middle eranial fossa through a small opening on the 
anterior surface of the petrous part of the temporal bone 
just lateral and inferior to the opening for the greater petro- 
sal nerve, a braneh of the faeial nerve [VII]. The lesser 
petrosal nerve then passes medially and deseends through 
the foramen ovale with the mandibular nerve [V 3 ]. 

In the infratemporal fossa, the preganglionie parasym- 
pathetie fibers synapse with eell bodies of postganglionie 
parasympathetie fibers in the otie ganglion loeated on 
the medial side of the mandibular nerve [V 3 ] around the 


origin of the nerve to the medial pterygoid. Postganglionie 
parasympathetie fibers leave the otie ganglion and join 
the auriculotemporal nerve, which earries them to the 
parotid gland. 

In the elinie 
Dental anesthesia 

Anesthesia of the inferior alveolar nerve is widely 
praetieed by most dentists. The inferior alveolar nerve is 
one of the largest branehes of the mandibular nerve 
[\Z 3 ], earries the sensory branehes from the teeth and 
mandible, and reeeives sensory information from the 
skin over most of the mandible. 

The inferior alveolar nerve passes into the 
mandibular eanal, courses through the body of the 
mandible, and eventually emerges through the mental 
foramen into the ehin. 

Dental procedures require perineuronal infiltration 
of the inferior alveolar nerve by loeal anesthetie. To 
anesthetize this nerve the needle is plaeed lateral to the 
anterior areh of the fauces (palatoglossal areh) in the 
oral eavity and is advaneed along the medial border 
around the inferior third of the ramus of the mandible 
so that anesthetie ean be deposited in this region. 

It is also possible to anesthetize the infra-orbital and 
buccal nerves, depending on where the anesthesia is 
needed. 
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Maxillary artery 

The maxillary artery is the largest braneh of the external 
earotid artery in the neek and is a major source of blood 
supply for the nasal eavity, the lateral wall and roof of the 
oral eavity, all teeth, and the dura mater in the eranial 
eavity. It passes through and supplies the infratemporal 
fossa and then enters the pterygopalatine fossa, where it 
gives origin to terminal branehes (Fig. 8.147). 

The maxillary artery originates within the substance of 
the parotid gland and then passes forward, between the 
neek of the mandible and sphenomandibular ligament, 
into the infratemporal fossa. It aseends obliquely through 
the infratemporal fossa to enter the pterygopalatine fossa 
by passing through the pterygomaxillary fissure. This part 
of the vessel may pass either lateral or medial to the lower 
head of the lateral pterygoid. If it passes medial to the lower 
head, the maxillary artery then loops laterally between the 
upper and lower heads of the lateral pterygoid to aeeess the 
pterygomaxillary fissure. 

Branehes 

Branehes of themaxillary artery are asfollows (Fig. 8.147): 

The first part of the maxillary artery (the part between 

the neek of the mandible and the sphenomandibular 


ligament) gives origin to two major branehes (the middle 
meningeal and inferior alveolar arteries) and a number 
of smaller branehes (deep auricular, anterior tympanie, 
and aeeessory meningeal). 

The seeond part of the maxillary artery (the part 
related to the lateral pterygoid muscle) gives origin to 
deep temporal, masseterie, buccal, and pterygoid 
branehes, which course with branehes of the mandibu- 
lar nerve [V 3 ]. 

The third part of the maxillary artery is in the pterygo- 
palatine fossa (see Fig. 8.154) 

Middle meningeal artery 

The middle meningeal artery aseends vertieally from 
the maxillary artery and passes through the foramen 
spinosum to enter the eranial eavity (Fig. 8.147). In the 
infratemporal fossa, it passes superiorly between the sphe- 
nomandibular ligament on the medial side and the lateral 
pterygoid muscle on the lateral side. Just inferior to the 
foramen spinosum, it passes between the two roots of the 
auriculotemporal nerve at their origin from the mandibu- 
lar nerve [V 3 ] (Fig. 8.147). 

The middle meningeal artery is the largest of the men- 
ingeal vessels and supplies much of the dura mater, bone, 
and related bone marrow of the eranial eavity walls. 
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Fig. 8.147 Maxillary artery. 
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Within the eranial eavity, the middle meningeal artery 
and its branehes travel in the periosteal (outer) layer of 
dura mater, which is tightly adherent to the bony walls. As 
major branehes of the middle meningeal artery pass supe- 
riorly up the walls of the eranial eavity, they ean be 
damaged by lateral blows to the head. When the vessels are 
torn, the leaking blood, which is under arterial pressure, 
slowly separates the dura mater from its attaehment to the 
bone, resulting in an extradural hematoma. 

Inferior alveolar artery 

The inferior alveolar artery deseends from the maxillary 
artery to enter the mandibular foramen and eanal with the 
inferior alveolar nerve (Fig. 8.147). It is distributed with 
the inferior alveolar nerve and supplies all lower teeth, and 
contributes to the supply of the buccal gingivae, ehin, and 
lower lip. 

Before entering the mandible, the inferior alveolar 
artery gives origin to a small mylohyoid braneh, which 
aeeompanies the nerve to the mylohyoid. 

Deep auàcu\aìí r anterior tympanie, and aeeessory 
meningeal arteries 

The deep auricular, anterior tympanie, and aeeessory men- 
ingeal arteries are small branehes from the fìrst part of the 
maxillary artery and contribute to the blood supply of the 


external acoustic meatus, deep surface of the tympanie 
membrane, and eranial dura mater, respeetively. 

The aeeessory meningeal braneh also contributes small 
branehes to surrounding muscles in the infratemporal 
fossa before aseending through the foramen ovale into the 
eranial eavity to supply the dura mater. 

Branehes from the seeond part 

Deep temporal arteries, usually two in number, originate 
from the seeond part of the maxillary artery and travel 
with the deep temporal nerves to supply the temporalis 
muscle in the temporal fossa (Fig. 8.147). 

Numerous pterygoid arteries also originate from the 
seeond part of the maxillary artery and supply the ptery- 
goid muscles. 

The masseterie artery, also from the seeond part of the 
maxillary artery, aeeompanies the masseterie nerve later- 
ally through the mandibular noteh to supply the masseter 
muscle. 

The buccal artery is distributed with the buccal nerve 
and supplies skin, muscle, and oral mucosa of the eheek. 

Pterygoid plexus 

The pterygoid plexus is a network of veins between the 
medial and lateral pterygoid muscles, and between the 
lateral pterygoid and temporalis imiseles (Fig. 8.148). 
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Veins that drain regions supplied by arteries branehing 
from the maxillary artery in the infratemporal fossa and 
pterygopalatine fossa eonneet with the pterygoid plexus. 
These tributary veins inehide those that drain the nasal 
eavity, roof and lateral wall of the oral eavity, all teeth, 
muscles of the infratemporal fossa, paranasal sinuses, and 
nasopharynx. In addition, the inferior ophthalmie vein 
from the orbit ean drain through the inferior orbital fissure 
into the pterygoid plexus. 

Signifieantly, small emissary veins often eonneet the 
pterygoid plexus in the infratemporal fossa to the eavern- 
ous sinus in the eranial eavity. These emissary veins, which 
pass through the foramen ovale, through the eartilage that 
fills the foramen lacerum, and through a small sphenoidal 
foramen on the medial side of the lateral plate of the ptery- 
goid proeess at the base of the skull, are a route by which 
infeetions ean spread into the eranial eavity from struc- 
tures, such as the teeth, that are drained by the pterygoid 
plexus. Also, because there are no valves in veins of the 
head and neek, anesthetie inadvertently injeeted under 
pressure into veins of the pterygoid plexus ean backflow 
into tissues or into the eranial eavity. 

The pterygoid plexus eonneets: 

posteriorly, via a short maxillary vein, with the retro- 
mandibular vein in the neek; and 
anteriorly, via a deep faeial vein, with the faeial vein on 
the faee. 


PTERYGOPALATINE FOSSA 

The pterygopalatine fossa is an inverted teardrop-shaped 
spaee between bones on the lateral side of the skull imme- 
diately posterior to the maxilla (Fig. 8.149). 

Although small in size, the pterygopalatine fossa eom- 
municates via fissures and foramina in its walls with the: 

middle eranial fossa, 

infratemporal fossa, 

floor of the orbit, 

lateral wall of the nasal eavity, 

■ oropharynx, and 

■ roof of the oral eavity. 

Because of its strategie loeation, the pterygopalatine 
fossa is a major site of distribution for the maxillary nerve 
[V 2 ] and for the terminal part of the maxillary artery. It 
also eontains the pterygopalatine ganglion where pregan- 
glionie parasympathetie fibers originating in the faeial 
nerve [VII] synapse with postganglionie parasympathetie 
fibers and these fibers, along with sympathetie fibers origi- 
nating from the T1 spinal eord level join branehes of the 
maxillary nerve [V 2 ]. 

All the upper teeth reeeive their innervation and blood 
supply from the maxillary nerve [V 2 ] and the terminalpart 
of the maxillary artery, respeetively, that pass through the 
pterygopalatine fossa. 
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Fig. 8.149 Pterygopalatine fossa. A. Anterolateral view. B. Lateral view. 





































Regional anatomy • Pterygopalatine Fossa 


8 


Skeletal framework 

The walls of the pterygopalatine fossa are formed by parts 
of the palatine, maxilla, and sphenoid bones (Fig. 8.149): 

The anterior wall is formed by the posterior surface 
of the maxilla. 

The medial wall is formed by the lateral surface of the 
palatine bone. 

The posterior wall and roof are formed by parts of the 
sphenoid bone. 

Sphenoid bone 

The part of the sphenoid bone that contributes to the for- 
mation of the pterygopalatine fossa is the anterosuperior 
surfaceof thepterygoidproeess (Fig. 8.150). Opening onto 
this surface are two large foramina: 


The maxillary nerve [V 2 ] passes through the most lateral 
and superior of these— the foramen rotundum— 
which communicates posteriorly with the middle eranial 
fossa (Fig. 8.150B). 

The greater petrosal nerve from the faeial nerve [VII] 
and sympathetie fibers from the internal earotid plexus 
join to form the nerve of the pterygoid eanal that passes 
forward into the pterygopalatine fossathrough the more 
medial and inferior foramen— the anterior opening 
of the pterygoid eanal. 

Pterygoid eanal 

The pterygoid eanal (Fig. 8.150A) is a bony eanal 
mnning horizontally through the root of the pterygoid 
proeess of the sphenoid bone. It opens anteriorly into 
the pterygopalatine fossa. Posteriorly it continues through 
the eartilage filling the foramen lacerum and opens into 
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Fig. 8.150 Sphenoid bone. A. Anterior view. B. Posterosuperior view. 
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the middle eranial fossa just anteroinferior to the internal 
earotid artery as the vessel enters the eranialeavity through 
the earotid eanal (Fig. 8.15OB). 

Gatevvays 

Seven foramina and fissures provide apertures through 
which structures enter and leave the pterygopalatine fossa 

(Fig. 8.151): 

The foramen rotundum and pterygoid eanal communi- 
eate with the middle eranial fossa and open onto the 
posterior wall. 

■ A small palatovaginal eanal opens onto the posterior 
wall and leads to the nasopharynx. 

■ The palatine eanal leads to the roof of the oral eavity 
(hard palate) and opens inferiorly. 

The sphenopalatine foramen opens onto the lateral wall 
of the nasal eavity and is in the medial wall. 

■ The lateral aspeet of the pterygopalatine fossa is eon- 
tinuous with the infratemporal fossa via a large gap (the 
pterygomaxillary fìssure) between the posterior 
surface of the maxilla and pterygoid proeess of the sphe- 
noid bone. 


The superior aspeet of the anterior wall of the fossa 
opens into the floor of the orbit via the inferior orbital 
fissure. 


Contents 

The maxillary nerve [V 2 ] and terminal part of the maxil- 
lary artery enter and braneh within the pterygopalatine 
fossa. In addition, the nerve of the pterygoid eanal enters 
the fossa earrying: 

■ preganglionie parasympathetie fibers from the greater 
petrosal braneh of the faeial nerve [VII], and 

■ postganglionie sympathetie fibers from the deep petro- 
sal braneh of the earotid plexus. 

The preganglionie parasympathetie fibers synapse in 
the pterygopalatine ganglion and both the sympathetie 
and postganglionie parasympathetie fibers pass with 
branehes of the maxillary nerve [V 2 ] out of the fossa and 
into adjaeent regions. 

In addition to nerves and arteries, veins and lymphaties 
also pass through the pterygopalatine fossa. 


Sphenopalatine foramen 

nasal eavity 


Inferior orbital fissure 

floor of orbit 


Pterygomaxillary fissure 

infratemporal fossa 



Foramen rotundum 

eranial eavity 
(middle eranial fossa) 


Pterygoid eanal 

eranial eavity 
(middle eranial fossa) 


Palatovaginal eanal 
nasopharynx 


Fig. 8.151 Gateways of the pterygopalatine fossa. 
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MaxiIIary nerve [V 2 ] 

The maxillary nerve [V 2 ] is purely sensory. It originates 
from the trigeminal ganglion in the eranial eavity, exits the 
middle eranial fossa, and enters the pterygopalatine fossa 
through the foramen rotundum (Fig. 8.152). It passes 
anteriorly through the fossa and exits as the infra-orbital 
nerve through the inferior orbital fissure. 

While passing through the pterygopalatine fossa, the 
maxillary nerve [V 2 ] gives rise to the zygomatie nerve, the 
posterior superior alveolar nerve, and two ganglionie 
branehes (Fig. 8.152). The two ganglionie branehes origi- 
nate from its inferior surface and pass through the ptery- 
gopalatine ganglion. 

Postganglionie parasympathetie fibers, arising in the 
ptery gopalatine ganglion, j oin the general sensor y branehes 
of the maxillary nerve [V 2 ] in the pterygopalatine gan- 
glion, as do postganglionie sympathetie fibers from the 
earotid plexus. The three types of fibers leave the ganglion 
as orbital, palatine, nasal, and pharyngeal branehes. 

Branehes 

Orbital branehes. The orbital branehes are small and 
pass through the inferior orbital fissure to contribute to the 
supply of the orbital wall and of the sphenoidal and eth- 
moidal sinuses. 


Greater and lesser palatine nerves. The greater and 
lesser palatine nerves (Fig. 8.152) pass inferiorly from 
the pterygopalatine ganglion, enter and pass through the 
palatine eanal, and enter the oral surface of the palate 
through the greater and lesser palatine foramina. 

The greater palatine nerve passes forward on the roof 
of the oral eavity to innervate mucosa and glands of the 
hard palate and the adjaeent gingiva, almost as far forward 
as the ineisor teeth. 

In the palatine eanal, the greater palatine nerve gives 
origin to posterior inferior nasal nerves, which pass 
medially through small foramina in the perpendicular 
plate of the palatine bone and contribute to the innerva- 
tion of the lateral nasal wall. 

After passing through the lesser palatine foramen, 
the lesser palatine nerve passes posteriorly to supply the 
soft palate. 

Nasal nerves. The nasal nerves (Fig. 8.152), approxi- 
mately seven in number, pass medially through the sphe- 
nopalatine foramen to enter the nasal eavity. Most pass 
anteriorly to supply the lateral wall of the nasal eavity, 
while others pass aeross the roof to supply the medial wall. 

One of the nerves passing aeross the roof to supply the 
medial wall of the nasal eavity (the nasopalatine nerve) 
is the largest of the nasal nerves and passes anteriorly 
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Fig. 8.152 Maxillary nerve [VJ. A. Terminal branehes. B. In relationship to the pterygopalatine ganglion. 
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down the nasal septum, through the ineisive eanal and 
fossa in the hard palate to enter the roof of the oral eavity 
and supply mucosa, gingiva, and glands adjaeent to the 
ineisor teeth. 

Pharyngeal nerve. The pharyngeal nerve (Fig. 8.152) 

passes posteriorly from the pterygopalatine ganglion, and 
leaves the fossa through the palatovaginal eanal, which it 
then exits to supply the mucosa and glands of the 
nasopharynx. 

Zygomatie nerve. The zygomatie nerve (Fig. 8.152) orig- 
inates direetly from the maxillary nerve [V 2 ] in the ptery- 
gopalatine fossa, which it leaves to enter the orbit through 
the inferior orbital fissure. It passes forward on the lateral 
orbital wall and divides into zygomatieotemporal and zygo- 
matieofaeial branehes: 

The zygomatieotemporal braneh continues forward 
at the base of the lateral orbital wall, passes through a 
small bony eanal in the zygomatie bone to enter the 
temporal fossa through a small foramen in the lateral 
orbital margin on the posterior surface of the frontal 
proeess of the zygomatie bone, and passes superficially 
to supply skin over the temple. 

The zygomatieofaeial braneh also passes forward at 
the base of the lateral orbital wall and leaves through a 
small bony eanal, in the orbital margin, which opens via 
multiple small foramina on the anterolateral surface of 
the zygomatie bone, and its branehes supply the adja- 
eent skin. 

Posterior superior alveolar nerve. The posterior supe- 
rior alveolar nerve (Fig. 8.152) originates from the max- 
illary nerve [V 2 ] in the pterygopalatine fossa and passes 
laterally out of the fossa through the pterygomaxillary 
fissure to enter the infratemporal fossa. It continues later- 
ally and inferiorly to enter the posterior surface of the 


maxilla through a small alveolar foramen approximately 
midway between the last molar tooth and the inferior 
orbital fissure. It then passes inferiorly just deep to the 
mucosa of the maxillary sinus to join the superior dental 
plexus. 

The posterior superior alveolar nerve supplies the molar 
teeth and adjaeent buccal gingivae, and contributes to the 
supply of the maxillary sinus. 

Infra-orbital nerve. The infra-orbital nerve (Fig. 8.152) 
is the anterior continuation of the maxillary nerve [V 2 ] 
that leaves the pterygopalatine fossa through the inferior 
orbital fissure. It lies first in the infra-orbital groove in the 
floor of the orbit and then continues forward in the infra- 
orbital eanal. 

While in the infra-orbital groove and eanal, the infra- 
orbital nerve gives origin to middle and anterior supe- 
rior alveolar nerves, respeetively, which ultimately 
join the superior alveolar plexus to supply the upper 
teeth: 

The middle superior alveolar nerve also supplies the 
maxillary sinus. 

The anterior superior alveolar nerve also gives origin to 
a small nasal braneh, which passes medially through 
the lateral wall of the nasal eavity to supply parts of the 
areas of the nasal floor and walls. 

The infra-orbital nerve exits the infra-orbital eanal 
through the infra-orbital foramen inferior to the orbital 
margin and divides into nasal, palpebral, and superior 
labial branehes: 

■ Nasal branehes supply skin over the lateral aspeet of the 
external nose and part of the nasal septum. 

■ Palpebral branehes supply skin of the lower eyelid. 
Superior labial branehes supply skin over the eheek and 
upper lip, and the related oral mucosa. 
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Nerve of the pterygoid eanal and the 
pterygopalatine ganglion 

The nerve of the pterygoid eanal (Fig. 8.153) is formed in 
the middle eranial fossa by the union of: 

the greater petrosal nerve (a braneh of the faeial nerve 

[VII]), and 

the deep petrosal nerve (a braneh of the internal earotid 

plexus). 

The nerve of the pterygoid eanal passes into the ptery- 
gopalatine fossa and joins the pterygopalatine ganglion. It 
earries mainly preganglionie parasympathetie and post- 
ganglionie sympathetie fìbers. 

Greater petrosal nerve 

The greater petrosal nerve, which originates from the 
geniculate ganglion of the faeial nerve [VII] in the tempo- 
ral bone, exits the temporal bone through a small eanal 
that opens via a fissure onto the anterior surface of the 
petrous part of the temporal bone. It passes anteromedially 
along the posterior margin of the middle eranial fossa and 
then under the internal earotid artery to reaeh the superior 
surface of the eartilage filling the foramen lacerum. 

As the greater petrosal nerve passes under the internal 
earotid artery, it is joined by the deep petrosal nerve to form 
the nerve of the pterygoid eanal. 

The greater petrosal nerve earries parasympathetie 
innervation to all glands above the oral fissure, including: 


mucous glands in the nasal eavity, 

■ salivary glands in the upper half of the oral eavity, and 
the laerimal gland in the orbit. 

The greater petrosal nerve also earries some taste (SA) 
fibers from the soft palate in the lesser palatine nerve. 

Deep petrosal nerve 

The deep petrosal nerve is formed by postganglionie 
sympathetie fibers that originate in the superior eervieal 
sympathetie ganglion in the neek and leave the ganglion 
as the internal earotid nerve. 

Preganglionie fibers that synapse in the ganglion are 
from the T1 spinal nerve. 

The internal earotid nerve forms the internal earotid 
plexus around the internal earotid artery as the internal 
earotid artery passes through the skull and into the eranial 
eavity. Some of the fibers from the internal earotid plexus 
eonverge to form the deep petrosal nerve, which leaves the 
internal earotid plexus in the middle eranial fossa and joins 
the greater petrosal braneh of the faeial nerve [VII]. 

The deep petrosal nerve earries postganglionie sympa- 
thetie fibers destined mainly for blood vessels. 

Pterygopalatine ganglion 

The nerve of the pterygoid eanal enters the superior 
surface of the eartilage that fills the foramen lacerum and 
passes anteriorly through the eartilage to enter the ptery- 
goid eanal in the root of the pterygoid proeess of the sphe- 
noid bone. It passes through the eanal and into the 
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Fig. 8.153 Nerve of the pterygoid eanal. A. Overview. B. In relationship to the pterygopalatine ganglion. 
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pterygopalatine fossa where it joins the pterygopalatine 
ganglion formed around the branehes of the maxillary 
nerve [V 2 ] (Fig. 8.153). 

The pterygopalatine ganglion is the largest of the 
four parasympathetie ganglia in the head and is formed by 
the eell bodies of the postganglionie neurons assoeiated 
with preganglionie parasympathetie fibers of the faeial 
nerve [VII] earried by the greater petrosal nerve and the 
nerve of the pterygoid eanal. 

The postganglionie parasympathetie fibers that origi- 
nate in the pterygopalatine ganglion, together with post- 
ganglionie sympathetie fibers passing through the 
ganglion, join fibers from the ganglionie branehes of the 
maxillary nerve [V 2 ] to form orbital, palatine, nasal, and 
pharyngeal branehes, which leave the ganglion. 

Other postganglionie parasympathetie and sympathetie 
fibers pass superiorly through the ganglionie branehes of 
the maxillary nerve [V 2 ] to enter the main trank of the 
maxillary nerve and be distributed with the zygomatie, pos- 
terior superior alveolar, and infra-orbital nerves. Of these, 
the postganglionie parasympathetie and sympathetie fibers 
that pass into the orbit with the zygomatie nerve are par- 
ticularly important because they ultimately innervate the 
laerimal gland. 

Innervation of the laerimal gland 

Approximately midway along the orbital wall, the postgan- 
glionie parasympathetie and sympathetie fibers leave the 
zygomatieotemporal braneh of the zygomatie nerve and 
form a speeial autonomic nerve, which travels up the 


lateral orbital wall to join the laerimal nerve (Fig. 8.153; 
also see Fig. 8.84). 

The laerimal nerve is a major general sensory braneh of 
the ophthalmie nerve [VJ, which passes forward in the 
orbit at the margin between the lateral wall and roof. 

The postganglionie parasympathetie and sympathetie 
fibers pass with the laerimal nerve to the laerimal gland. 

A lesion anywhere along the course of parasympa- 
thetie fibers that leave the brain as part of the faeial nerve 
[VII] and are ultimately earried to the laerimal gland 
along branehes of the ophthalmie nerve [V 2 ] results in 
u dry eye” and ean eventually lead to loss of vision in the 
affeeted eye. 

Maxillary artery 

The maxillary artery is a major braneh of the external 
earotid artery in the neek. It originates adjaeent to the neek 
of the mandible, passes forward through the infratemporal 
fossa, and then enters the pterygopalatine fossa through 
the pterygomaxillary fissure (Fig. 8.154). 

The part of the maxillary artery in the pterygopalatine 
fossa (the third part) is anterior to the pterygopalatine gan- 
glion and gives origin to branehes that aeeompany 
branehes of the maxillary nerve [V 2 ] and the pterygopala- 
tine ganglion. 

Branehes of the maxillary artery include the posterior 
superior alveolar, infra-orbital, greater palatine, pharyn- 
geal, and sphenopalatine arteries, and the artery of the 
pterygoid eanal (Fig. 8.154). Collectively, these branehes 
supply much of the nasal eavity, the roof of the oral eavity, 
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Fig. 8.154 Maxillary artery in the pterygopalatine fossa. 
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and all upper teeth. In addition, they contribute to the 
blood supply of the sinuses, oropharynx, and floor of the 
orbit. 

Branehes 

Posterior superior alveolar artery. The posterior supe- 
rior alveolar artery (Fig. 8.154) originates from the max- 
illary artery as it passes through the pterygomaxillary 
fìssure. It meets the posterior superior alveolar nerve, 
aeeompanies it through the alveolar foramen on the infra- 
temporal surface of the maxilla, and supplies the molar and 
premolar teeth, adjaeent gingiva, and the maxillary sinus. 

Infra-orbital artery. The infra-orbital artery (Fig. 8.154) 
passes forward with the infra-orbital nerve and leaves the 
pterygopalatine fossa through the inferior orbital fìssure. 
With the infra-orbital nerve, it lies in the infra-orbital 
groove and infra-orbital eanal, and emerges through the 
infra-orbital foramen to supply parts of the faee. 

Within the infra-orbital eanal, the infra-orbital artery 
gives origin to: 

branehes that contribute to the blood supply of struc- 
tures near the floor of the orbit—the inferior rectus and 
inferior oblique muscles, and the laerimal sae; and 

anterior superior alveolar arteries (Fig. 8.154), 

which supply the ineisor and eanine teeth and the max- 
illary sinus. 

Greater palatine artery. The greater palatine artery 

(Fig. 8.154) passes inferiorly with the palatine nerves into 
the palatine eanal. It gives origin to a lesser palatine 
braneh (Fig. 8.154), which passes through the lesser pala- 
tine foramen to supply the soft palate, and then continues 
through the greater palatine foramen to supply the hard 
palate. The latter vessel passes forward on the inferior 
surface of the palate to enter the ineisive fossa and pass 
superiorly through the ineisive eanal to supply the anterior 
aspeet of the septal wall of the nasal eavity. 

Pharyngealbraneh. The pharyngeal braneh (Fig. 8.15 4) 

of the maxillary artery travels posteriorly and leaves the 
pterygopalatine fossa through the palatovaginal eanal 
with the pharyngeal nerve. It supplies the posterior aspeet 
of the roof of the nasal eavity, the sphenoidal sinus, and 
the pharyngotympanie tube. 

Sphenopalatine artery. The sphenopalatine artery (Fig. 

8.154) is the terminal braneh of the maxillary artery. It 
leaves the pterygopalatine fossa medially through the sphe- 
nopalatine foramen and aeeompanies the nasal nerves, 
giving off: 


posterior lateral nasal arteries, which supply the lateral 
wall of the nasal eavity and contribute to the supply of 
the paranasal sinuses; and 

posterior septal branehes, which travel medially aeross 
the roof to supply the nasal septum—the largest of 
these branehes passes anteriorly down the septum to 
anastomose with the end of the greater palatine artery. 

Artery of pterygoid eanal. The artery of the pterygoid 
eanal passes posteriorly into the pterygoid eanal. It sup- 
plies surrounding tissues and terminates, after passing 
inferiorly through eartilage filling the foramen lacerum, in 
the mucosa of the nasopharynx. 

Veins 

Veins that drain areas supplied by branehes of the terminal 
part of the maxillary artery generally travel with these 
branehes baek into the pterygopalatine fossa. 

The veins eoalesee in the pterygopalatine fossa and then 
pass laterally through the pterygomaxillary fissure to join 
the pterygoid plexus of veins in the infratemporal fossa 
(Fig. 8.155). 

The infra-orbital vein, which drains the inferior aspeet 
of the orbit, may pass direetly into the infratemporal fossa 
through the lateral aspeet of the inferior orbital fissure, so 
bypassing the pterygopalatine fossa. 
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Fig. 8.155 Veins of the pterygopalatine fossa. 
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NECK 

The neek is a tube providing continuity from the head 
to the trank. It extends anteriorly from the lower border of 
the mandible to the upper surface of the manubrium of the 
sternum, and posteriorly from the superior nuchal line 
on the oeeipital bone of the skull to the intervertebral 
dise between the CVII and TI vertebrae. Within the tube, 
four eompartments provide longitudinal organization 

(Fig. 8.156): 

The viseeral eompartment is anterior and eontains 
parts of the digestive and respiratory systems, and 
several endoerine glands. 

■ The vertebral eompartment is posterior and eontains 
the eervieal vertebrae, spinal eord, eervieal nerves, and 
nraseles assoeiated with the vertebral column. 

The two vascular eompartments, one on eaeh side, are 
lateral and eontain the major blood vessels and the 
vagus nerve [X]. 

All these eompartments are eontained within unique 
layers of eervieal faseia. 

For deseriptive purposes the neek is divided into anterior 
and posterior triangles (Fig. 8.157): 

The boundaries of the anterior triangle are the ante- 
rior border of the sternoeleidomastoid muscle, the infe- 
rior border of the mandible, and the midline of the neek. 
The boundaries of the posterior triangle are the pos- 
terior border of the sternoeleidomastoid nrasele, the 


Faseia Anterior Compartments 



Fig. 8.156 Compartments of the neek. 


anterior border of the trapezras muscle, and the middle 
one-third of the elaviele. 

Faseia 

The faseia of theneekhas a number of unique features. 

The superfìcial faseia in the neek eontains a thin sheet 
of nmsele (the platysma), which begins in the superficial 
faseia of the thorax, runs upward to attaeh to the mandible 
and blend with the muscles on the faee, is innervated by 
the eervieal braneh of the faeial nerve [VII], and is only 
found in this loeation. 

Deep to the superficial faseia, the deep eervieal faseia is 
organized into several distinet layers (Fig. 8.156). These 
inehide: 

an investing layer, which surrounds all structures in the 
neek; 

the prevertebral layer, which surrounds the vertebral 
column and the deep nraseles assoeiated with the baek; 
the pretraeheal layer, which eneloses the viseera of the 
neek; and 

the earotid sheaths, which reeeive a contribution from 
the other three faseial layers and surround the two 
major neurovascular bundles on either side of the neek. 
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Fig. 8.157 Anterior and posterior triangles of the neek. 
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Investing layer 

The investing layer eompletely surrounds the neek 

(Fig. 8.158). 

Attaehing posteriorly to the ligamentum nuchae and 
the spinous proeess of the CVII vertebra, this faseial layer 
splits as it passes forward to enelose the trapezius muscle, 
reunites into a single layer as it forms the roof of the pos- 
terior triangle, splits again to surround the sternoeleido- 
mastoid imisele, and reunites again to join its twin from the 
other side. 

Anteriorly, the investing faseia surrounds the infrahyoid 
muscles. 

The investing faseia is attaehed: 

■ superiorly to the external oeeipital protuberance and 
the superior nuchal line, 

■ laterally to the mastoid proeess and zygomatie areh, and 
inferiorly to the spine of the scapula, the aeromion, the 
elaviele, and the manubrium of the sternum. 

The external and anterior jugular veins, and the lesser 
oeeipital, great auricular, transverse eervieal, and supra- 
clavicular nerves, all branehes of the eervieal plexus, pieree 
the investing faseia. 


Prevertebral layer 

The prevertebral layer is a eylindrieal layer of faseia 
that surrounds the vertebral column and the muscles 
assoeiated with it (Fig. 8.158). Muscles in this group 
include the prevertebral muscles, the anterior, middle, 
and posterior sealene muscles, and the deep muscles of 
the baek. 

The prevertebral faseia is attaehed posteriorly along the 
length of the ligamentum nuchae, and superiorly forms a 
continuous circular line attaehing to the base of the skull. 
This eirele begins: 

■ anteriorly as the f aseia attaehes to the basilar part of the 
oeeipital bone, the area of the jugular foramen, and the 
earotid eanal; 

continues laterally, attaehing to the mastoid proeess; 
and 

continues posteriorly along the superior nuchal line 
ending at the external oeeipital protuberance, where it 
assoeiates with its partner from the opposite side. 

Anteriorly, the prevertebral faseia is attaehed to the 
anterior surfaces of the transverse proeesses and bodies of 
vertebrae CI to CVII. 
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Fig. 8.158 Faseia of neek, transverse view. 
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The prevertebral faseia passing between the attaehment 
points on the transverse proeesses is unique. In this 
loeation, it splits into two layers, ereating a longitudinal 
faseial spaee eontaining loose eonneetive tissue that 
extends from the base of the skull through the thorax (Figs. 

8.158 and 8.159). 

There is one additional speeialization of the prevertebral 
faseia in the lower region of the neek. The prevertebral 
faseia in an anterolateral position extends from the ante- 
rior and middle sealene muscles to surround the braehial 
plexus and subclavian artery as these structures pass into 
the axilla. This faseial extension is the axillary sheath. 

Pretraeheal layer 

The pretraeheal layer eonsists of a eolleetion of faseias 
that surround the traehea, esophagus, and thyroid gland 
(Fig. 8.158). Anteriorly, it eonsists of a pretraeheal faseia 
that erosses the neek, just posterior to the infrahyoid 
muscles, and eovers the traehea and the thyroid gland. The 
pretraeheal faseia begins superiorly at the hyoid bone and 
ends inferiorly in the upper thoraeie eavity. Laterally, this 
faseia eneloses the thyroid gland and more posteriorly is 
continuous with faseia that surrounds the esophagus. 

Posterior to the pharynx, the pretraeheal layer is referred 
to as the buccopharyngeal faseia and separates the pharynx 
from the prevertebral layer (Fig. 8.159). 

The buccopharyngeal faseia begins superiorly at the 
base of the skull and merges with faseia eovering the 
esophagus that then continues inferiorly into the thoraeie 
eavity. 

Carotid sheath 

Eaeh earotid sheath is a column of faseia that surrounds 
the eommon earotid artery, the internal earotid artery, the 


internal jugular vein, and the vagus nerve as these struc- 
tures pass through the neek (Fig. 8.158). 

It reeeives contributions from the investing, preverte- 
bral, and pretraeheal layers, though the extent of eaeh 
eomponent’s contribution varies. 

Faseial eompartments 

The arrangement of the various layers of eervieal faseia 
organizes the neek into four longitudinal eompartments 

(Fig. 8.156): 

The fìrst eompartment is the largest, includes the other 
three, and eonsists of the area surrounded by the invest- 
ing layer. 

■ The seeond eompartment eonsists of the vertebral 
column and the deep muscles assoeiated with this struc- 
ture, and is the area eontained within the prevertebral 
layer. 

The third eompartment (the viseeral eompartment) 
eontains the pharynx, the traehea, the esophagus, and 
the thyroid gland, which are surrounded by the pretra- 
eheal layer. 

Finally, there is a eompartment (the earotid sheath) eon- 
sisting of the neurovascular structures that pass from 
the base of the skull to the thoraeie eavity, and the 
sheath enelosing these structures reeeives contributions 
from the other eervieal faseias. 

Faseial spaees 

Between the faseial layers in the neek are spaees that may 
provide a conduit for the spread of infeetions from the neek 
to the mediastinum. 

Three spaees could be involved in this proeess 

(Fig. 8.159): 


Buccopharyngeal faseia 
(posterior portion of 
pretraeheal layer) 


Investing layer 


Infrahyoid muscles 
Pretraeheal faseia 

Pretraeheal spaee 

Manubrium of sternum 



Prevertebral layer 


Retropharyngeat spaee 


Faseial spaee vvithin prevertebral layer 
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Fig. 8.159 Faseia of the neek, sagittal view. 
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The fìrst is the pretraeheal spaee between the invest- 
ing layer of eervieal faseia (eovering the posterior 
surface of the infrahyoid muscles) and the pretraeheal 
faseia (eovering the anterior surface of the traehea and 
the thyroid gland), which passes between the neek and 
the anterior part of the superior mediastinum. 

The seeond is the retropharyngeal spaee between the 
buccopharyngeal faseia (on the posterior surface of the 
pharynx and esophagus) and the prevertebral faseia (on 
the anterior surface of the transverse proeesses and 
bodies of the eervieal vertebrae), which extends from 
the base of the skull to the upper part of the posterior 
mediastinum. 

The third spaee is within the prevertebral layer eover- 
ing the anterior surface of the transverse proeesses and 


bodies of the eervieal vertebrae. This layer splits into two 
laminae to ereate a faseial spaee that begins at the base 
of the skull and extends through the posterior medias- 
tinum to the diaphragm. 

Siiperfìeial venous drainage 

The external jugular and anterior jugular veins are the 
primary venous ehannels for superficial venous drainage 
of the neek (Fig. 8.160). 

External jugular veins 

The external jugular vein is formed posterior to the angle 
of the mandible as the posterior auricular vein and the 
retromandibular vein join: 


Siiperfieial temporal vein 

Faeial vein 




vein 




External jugular vein 

Posterior external 

jugular vein 


vein 


vein 


vem 


Jugular venous areh 


Transverse eervieal vein 


Suprascapular 

vein 


Fig. 8.160 Superficial veins of neek. 
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Head and Neek 


The posterior auricular vein drains the sealp behind and 
above the ear. 

The retromandibular vein is formed when the superfi- 
eial temporal and maxillary veins join in the sub- 
stanee of the parotid gland and it deseends to the angle 
of mandible, where it divides into an anterior and a 
posterior division (Fig. 8.160) —the posterior division 
joins the posterior auricular vein to form the external 
jugular vein, and the anterior division joins the faeial 
vein to form the eommon faeial vein, which passes deep 
and beeomes a tributary to the internal jugular vein. 

Onee formed, the external jugular vein passes straight 
down the neek in the superficial faseia and is superficial to 
the sternoeleidomastoid muscle throughout its course, 
erossing it diagonally as it deseends. 

Reaehing the lower part of the neek, just superior to the 
elaviele and immediately posterior to the sternoeleidomas- 
toid muscle, the external jugular vein pierees the investing 
layer of eervieal faseia, passes deep to the elaviele, and 
enters the subclavian vein. 

Tributaries reeeived by the external jugular vein along 
its course include the posterior external jugular vein 
(draining superficial areas of the baek of the neek) and the 
transverse eervieal and suprascapular veins (draining 
the posterior scapular region). 

Anterior jugular veins 

The anterior jugular veins, although variable and 
ineonsistent, are usually deseribed as draining the anterior 
aspeet of the neek (Fig. 8.160). These paired venous 


ehannels, which begin as small veins, eome together at 
or just superior to the hyoid bone. Onee formed, eaeh ante- 
rior jugular vein deseends on either side of the midline of 
the neek. 

Inferiorly, near the medial attaehment of the sterno- 
eleidomastoid muscle, eaeh anterior jugular vein pierees 
the investinglayer of eervieal faseia to enter the subclavian 
vein. Oeeasionally, the anterior jugular vein may enter the 
external jugular vein immediately before the external 
jugular vein enters the subclavian vein. 

Often, the right and left anterior jugular veins commu- 
nieate with eaeh other, being eonneeted by a jugular 
venous areh in the area of the suprasternal noteh. 


In the elinie 

Faseial planes of the head and neek 

The neek eontains a series of eompartments, which are 
bound by tight faseia. All these eompartments are 
within the overall investing layer of eervieal faseia. 
From a elinieal perspeetive the importanee of these 
eompartments is that infeetion tends to spread within 
eompartments or within the spaees between the 
various faseial layers. For example, if infeetion arises 
in the pretraeheal spaee it may spread inferiorly into 
the superior mediastinum and lie anterior to the 
pericardium. 
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ln the elinie 
Central venous aeeess 

In most instanees, aeeess to peripheral veins of the arm 
and the leg will suffice for administering intravenous 
drugs and fluids and for obtaining blood for analysis. In 
eertain circumstances it is neeessary to plaee larger-bore 
eatheters in the eentral veins, for example, for dialysis, 
parenteral notrition, or the administration of drugs that 
have a tendeney to produce phlebitis. 

"Blind puncture" of the subclavian and jugular veins to 
obtain eentral venous aeeess used to be standard praetiee. 
However, subclavian vein puncture is not without 
eomplieations. As the subclavian vein passes inferiorly. 


posterior to the elaviele, it passes over the apex of the 
lung. Any misplaeement of a needle into or through this 
structure may puncture the apieal pleura, producing a 
pneumothorax. Inadvertent arterial puncture and vein 
laeeration may also produce a hemopneumothorax. 

A puncture of the internal jugular vein (Fig. 8.161) 
earries fewer risks, but loeal hematoma and damage to the 
earotid artery are again important eomplieations. 

Current praetiee is to identify major vessels using 
ultrasound and to obtain eentral venous aeeess under 
direet vision to avoid any signifieant eomplieation. 



Shoalder Tip in right atrium 


Fig. 8.161 Plaeing a eentral venous eatheter in the neek. A. Clinical procedure. B. Chest radiograph showing that the tip of the eatheter 
is in the origin of the right atrium. 
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Anterior triangle of the neek 

The anterior triangle of theneek is outlined by the anterior 
border of the sternoeleidomastoid muscle laterally, the 
inferior border of the mandible superiorly, and the midline 
of the neek medially (Fig. 8.162). It is further subdivided 
into several smaller triangles as follows: 

The siibmandibiilar triangle is outlined by the infe- 
rior border of the mandible superiorly and the anterior 
and posterior bellies of the digastrie muscle inferiorly. 
The submental triangle is outlined by the hyoid bone 
inferiorly, the anterior belly of the digastrie muscle later- 
ally, and the midline. 

■ The muscular triangle is outlined by the hyoid bone 
superiorly, the superior belly of the omohyoid muscle, 
and the anterior border of the sternoeleidomastoid 
muscle laterally, and the midline. 


The earotid triangle is outlined by the superior belly 
of the omohyoid muscle anteroinferiorly, the stylohyoid 
muscle and posterior belly of the digastrie superiorly, 
and the anterior border of the sternoeleidomastoid 
muscle posteriorly. 

Eaeh of these triangles eontains numerous structures 
that ean be identified as being within a speeifie triangle, 
passing into a speeifie triangle from outside the area, origi- 
nating in one triangle and passing to another triangle, or 
passing through several triangles while passing through 
the region. 

A discussion of the anterior triangle of the neek must 
therefore eombine a systemie approaeh, deseribing the 
muscles, vessels, and nerves in the area, with a regional 
approaeh, deseribing the eontents of eaeh triangle. 


Stylohyoid muscle 


Submandibular triangle 


Posterior belly of digastrie muscle 


Anterior belly of 
digastrie muscle 


Submental triangle 



Hyoid bone 


Muscular triangle 


Superior belly of omohyoid muscle 




Garotìd triangle 


Posterior trtangle 


Trapezius muscle 


Fig. 8.162 Borders and subdivisions of the anterior triangle of the neek. 
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Muscles 

The muscles in the anterior triangle of the neek (Table 
8.12) ean be grouped aeeording to their loeation relative 
to the hyoid bone: 

Muscles superior to the hyoid are elassified as suprahy- 
oid muscles and include the stylohyoid, digastrie, 
mylohyoid, and geniohyoid. 


Muscles inferior to the hyoid are infrahyoid muscles 
and include the omohyoid, sternohyoid, thyrohyoid, and 
sternothyroid. 

Suprahyoid muscles 

The four pairs of suprahyoid muscles are related to the 
submental and submandibular triangles (Fig. 8 . 162 ). They 
pass in a superior direetion from the hyoid bone to the 
skull or mandible and raise the hyoid, as occurs during 
swallowing. 


Table 8.12 Anterior triangle of neek (suprahyoid and infrahyoid muscles) 


Muscle Origin 


Insertion 


Innervation 


Stylohyoid Base of styloid proeess 


Lateral area of body of Faeial nerve [VII] 
hyoid bone 


Digastrie 

—Anterior belly Digastrie fossa on lower 

inside of mandible 


Attaehment of tendon 
between two bellies to 
bodyof hyoid bone 


Mylohyoid nerve from inferior 
alveolar braneh of 
mandibular nerve [V 3 ] 


—Posterior belly Mastoid noteh on medial side Same as anterior belly 

of mastoid proeess of 
temporal bone 

Mylohyoid Mylohyoid line on mandible Body of hyoid bone and 

fibers from muscle on 
opposite side 


Faeial nerve [VII] 


Mylohyoid nerve from inferior 
alveolar braneh of 
mandibular nerve [V 3 ] 


Geniohyoid 


Inferior mental spine on inner 
surface of mandible 


Anterior surface of bodyof 
hyoid bone 


Braneh from anterior ramus 
of C1 (earried along the 
hypoglossal nerve [XII]) 


Sternohyoid 


Omohyoid 


Thyrohyoid 


Posterior aspeet of 
sternoclavicular joint and 
adjaeent manubrium of 
sternum 

Superior border of scapula 
medial to suprascapular 
noteh 

Oblique line on lamina of 
thyroid eartilage 


Sternothyroid Posterior surface of 

manubrium of sternum 


Body of hyoid bone medial 
to attaehment of 
omohyoid muscle 

Lower border of body of 
hyoid bone just lateral to 
attaehment of sternohyoid 

Greater horn and adjaeent 
aspeet of body of hyoid 
bone 

Oblique line on lamina of 
thyroid eartilage 


Anterior rami of C1 to C3 
through the ansa eerviealis 


Anterior rami of C1 to C3 
through the ansa eerviealis 

Fibers from anterior ramus of 
C1 earried along hypoglossal 
nerve [XII] 

Anterior rami of C1 to C3 
through the ansa eerviealis 


Function 

Pulls hyoid bone upward in a 
posterosuperior direetion 

Opens mouth by lowering 
mandible; raises hyoid bone 

Pulls hyoid bone upward and 
baek 

Support and elevation of 
floor of mouth; elevation of 
hyoid 

Fixed mandible elevates and 
pulls hyoid bone forward; 
fixed hyoid bone pulls 
mandible downward and 
inward 

Depresses hyoid bone after 
swallowing 


Depresses and fixes hyoid 
bone 

Depresses hyoid bone, but 
when hyoid bone is fixed 
raises larynx 

Draws larynx (thyroid 
eartilage) downward 
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Stylohyoid 

The stylohyoid muscle arises from the base of the styloid 
proeess and passes anteroinferiorly to attaeh to the lateral 
area of the body of the hyoid bone (Fig. 8.163). During 
swallowing it pulls the hyoid bone posterosuperiorly and it 
is innervated by the faeial nerve [VII]. 

Digastrie 

The digastrie muscle has two bellies eonneeted by 
a tendon, which attaehes to the body of the hyoid bone 

(Fig. 8.163): 

The posterior belly arises from the mastoid noteh 
on the medial side of the mastoid proeess of the 
temporal bone. 

■ The anterior belly arises from the digastrie fossa on the 
lower inside of the mandible. 



Styloid proeess 


Mastoid proeess 


Stylohyoid muscle 

Posterior belly of 
digastrie muscle 


Hyoíd bone 


Anterior belly of 
digastrie muscle 




Geniohyoid muscle 


Posterior belly of 
digastrie muscle 


Anterior belly of Stylohyoid muscle 
B digastrie muscle 


Fig. 8.163 Suprahyoid muscles. A. Lateral view. B. Inferior view. 


The tendon between the two bellies, which is attaehed 
to the body of the hyoid bone, is the point of insertion of 
both bellies. Because of this arrangement, the muscle has 
multiple aetions depending on which bone is fixed: 

When the mandible is fixed, the digastrie muscle raises 
the hyoid bone. 

When the hyoid bone is fixed, the digastrie imisele opens 
the mouth by lowering the mandible. 

Innervation of the digastrie muscle is from two different 
eranial nerves. 

The innervation of the posterior belly of the digastrie 
muscle is by the faeial nerve [VII], whereas the anterior 
belly of the muscle is innervated by the mandibular divi- 
sion [V 3 ] of the trigeminal nerve [V]. 

Mylohyoid 

The mylohyoid muscle is superior to the anterior belly of 
the digastrie and, with its partner from the opposite side, 
forms the floor of the mouth (Fig. 8.16 3 ). It originates from 
the mylohyoid line on the medial surface of the body of the 
mandible and inserts into the hyoid bone and also blends 
with the mylohyoid muscle from the opposite side. 

This mylohyoid muscle supports and elevates the floor 
of the mouth and elevates the hyoid bone. It is innervated 
by the mandibular division [V 3 ] of the trigeminal nerve [V]. 

Geniohyoid 

The geniohyoid muscle is superior to the floor of the oral 
eavity and is not generally eonsidered a imisele of the ante- 
rior triangle of the neek; however, it ean be regarded as a 
suprahyoid muscle. It is the final muscle in the suprahyoid 
group (Fig. 8.163). A narrow muscle, it is superior to the 
medial part of eaeh mylohyoid muscle. The muscles from 
eaeh side are next to eaeh other in the midline. 

The geniohyoid arises from the inferior mental spine of 
the mandible and passes backward and downward to insert 
on the body of the hyoid bone. 

It has two functions depending on which bone is fixed: 

■ Fixation of the mandible elevates and pulls the hyoid 
bone forward. 

Fixation of the hyoid bone pulls the mandible down- 
ward and inward. 

The geniohyoid is innervated by a braneh from the ante- 
rior ramus of C1 earried along the hypoglossal nerve [XII]. 

Infrahyoid muscles 

The four infrahyoid nmseles are related to the muscular 
triangle (Fig. 8.162). They attaeh thehyoid bone to inferior 
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structures and depress the hyoid bone. They also provide a 
stable point of attaehment for the suprahyoid muscles. 
Because of their appearanee, they are sometimes referred 

to as the “strap miiseles.” 

Sternohyoid 

The sternohyoid muscle is a long, thin muscle originating 
from the posterior aspeet of the sternoclavicular joint and 
adjaeent manubrium of the sternum (Fig. 8.164). It 
aseends to insert onto the body of the hyoid bone. It 
depresses the hyoid bone and is innervated by the anterior 
rami of C1 to C3 through the ansa eerviealis. 

Omohyoid 

Lateral to the sternohyoid muscle is the omohyoid muscle 
(Fig. 8.164). This nrnsele eonsists of two bellies with an 


intermediate tendon in both the posterior and anterior tri- 
angles of the neek: 

The inferior belly begins on the superior border of the 
scapula, medial to the suprascapular noteh, and passes 
forward and upward aeross the posterior triangle ending 
at the intermediate tendon. 

The superior belly begins at the intermediate tendon 
and aseends to attaeh to the body of the hyoid bone just 
lateral to the attaehment of the sternohyoid. 

■ The intermediate tendon is attaehed to the elaviele, near 
its medial end, by a faseial sling. 

The omohyoid depresses and fixes the hyoid bone. It is 
innervated by the anterior rami of C1 to C3 through the 
ansa eerviealis. 


Hyoiet bone 




Thyrohyord muscle 



Thyroíd eartilage 
Omohyoid muscle 


Gommon earotid artery 


Cricoid eartilage 


Sternothyroid muscle 


Sternohyoìd musc!e 


Fig. 8.164 Infrahyoid muscles. 
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Thyrohyoid 

The thyrohyoid muscle is deep to the superior parts of the 
omohyoid and sternohyoid (Fig. 8.164). Originating at the 
oblique line on the lamina of the thyroid eartilage it passes 
upward to insert into the greater horn and adjaeent aspeet 
of the body of the hyoid bone. 

The thyrohyoid muscle has variable functions depend- 
ing on which bone is fixed. Generally, it depresses the hyoid, 
but when the hyoid is fixed it raises the larynx (e.g., when 
high notes are sung). It is innervated by fibers from 
the anterior ramus of C1 that travel with the hypoglossal 
nerve [XII]. 

Sternothyroid 

Lying beneath the sternohyoid and in continuity with the 
thyrohyoid, the sternothyroid is the last muscle in the 
infrahyoid group (Fig. 8.164). It arises from the posterior 
surface of the manubrium of the sternum and passes 
upward to attaeh to the oblique line on the lamina of the 
thyroid eartilage. 

The sternothyroid muscle draws the larynx (thyroid 
eartilage) downward and is innervated by the anterior 
rami of C1 to C3 through the ansa eerviealis. 

Vessels 

Passing through the anterior triangle of the neek are the 
eommon earotid arteries and their branehes, the external 
and internal earotid arteries. These vessels supply all strae- 
tures of the head and neek. 


Assoeiated with this arterial system are the internal 
jugular vein and its tributaries. These vessels reeeive blood 
from all structures of the head and neek. 

Carotid system 
Common earotid arteries 

The eommon earotid arteries are the beginning of the 
earotid system (Fig. 8.165): 

The right eommon earotid artery originates from 
the braehioeephalie trank immediately posterior to the 
right sternoclavicular joint and is entirely in the neek 
throughout its course. 

■ The left eommon earotid artery begins in the thorax 
as a direet braneh of the areh of the aorta and passes 
superiorly to enter the neek near the left sternoclavicu- 
lar joint. 

Both right and left eommon earotid arteries aseend 
through the neek, just lateral to the traehea and 
esophagus, within a faseial eompartment (the earotid 
sheath). They give off no branehes as they pass through 
the neek. 

Near the superior edge of the thyroid eartilage eaeh 
eommon earotid artery divides into its two terminal 
branehes—the external and internal earotid arteries 

(Fig. 8.166). 

The superior part of eaeh eommon earotid artery and 
its division into external and internal earotid arteries 


Right eommon earotid 



Right internal jugular vein 


Right subclavian arlery 


Right subclavian vein 
Right braehioeephalie vein 


Esophagus 
Traehea 


Left eommon earotid artery 


Left internal jugular vein 


Left subclavian artery 


Giavide 



Superior vena eava 


Areh of aorta 


Left $ubc!avian vein 


Left braehioeephalie vein 


Fig. 8.165 Origin of eommon earotid arteries. 



















Regional anatomy • Neek 


8 


occurs in the earotid triangle (Fig. 8.166), which is a sub- 
division of the anterior triangle of the neek (see Fig. 8.162). 

At the bifurcation, the eommon earotid artery and the 
beginning of the internal earotid artery are dilated. This 
dilation is the earotid sinns (Fig. 8.167) and eontains 
reeeptors that monitor ehanges in blood pressure and are 
innervated by a braneh of the glossopharyngeal nerve [IX]. 

Another accumulation of reeeptors in the area of the 
bifurcation is responsible for deteeting ehanges in blood 
ehemistry, primarily oxygen eontent. This is the earotid 
body and is innervated by branehes from both the glos- 
sopharyngeal [IX] and vagus [X] nerves. 

Internal earotid arteries 

After its origin, the internal earotid artery aseends toward 
the base of the skull (Fig. 8.167). It gives off no branehes 
in the neek and enters the eranial eavity through the 
earotid eanal in the petrous part of the temporal bone. 

The internal earotid arteries supply the eerebral hemi- 
spheres, the eyes and the eontents of the orbits, and the 
forehead. 

External earotid arteries 

The external earotid arteries begin giving off branehes 
immediately after the bifurcation of the eommon earotid 
arteries (Fig. 8.167 and "able 8.13) as follows: 


External earotid artery 


Internal earotid artery 


Posterior belly of digastrie muscle 



Superior belly of 
omohyoid muscle 


Common earotid artery 


Sternoeleidomastoid 

muscle 


Fig. 8.166 Carotid triangle. 
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Maxilfary arìery 


Faeial artery 



artery 


External earotid artery 



Superior thyroid artery 


Thyroid gland 


Superficìal temporai artery 



Internal jugular vein 


Oeeipital artery 

Internal earotid artery 

Aseending pharyngeal 
artery 



Gommon earotid artery 


Fig. 8.167 Carotid system. 


Table 8.13 Branehes of the external earotid artery 

Braneh Siipplies 

Superior thyroid artery Thyrohyoid muscle, internal structures of the larynx, sternoeleidomastoid and erieothyroid muscles, 

thyroid gland 

Aseending pharyngeal artery Pharyngeal eonstrietors and stylopharyngeus muscle, palate, tonsil, pharyngotympanie tube, meninges in 

posterior eranial fossa 

Muscles of the tongue, palatine tonsil, soft palate, epiglottis, floor of mouth, sublingual gland 

All structures in the faee from the inferior border of the mandible anterior to the masseter muscle to the 
medial eorner of the eye, the soft palate, palatine tonsil, pharyngotympanie tube, submandibular gland 

Sternoeleidomastoid muscle, meninges in posterior eranial fossa, mastoid eells, deep muscles of the baek, 
posterior sealp 

Posterior auricular artery Parotid gland and nearby muscles, external ear and sealp posterior to ear, middle and innerear structures 

Superficial temporal artery Parotid gland and duct, masseter muscle, lateral faee, anterior part of external ear, temporalis muscle, 

parietal and temporal fossae 


Lingual artery 
Faeial artery 

Oeeipital artery 


Maxillary artery 
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External acoustic meatus, lateral and medial surface of tympanie membrane, temporomandibular joint, 
dura mater on lateral wall of skull and inner table of eranial bones, trigeminal ganglion and dura in 
vieinity, mylohyoid muscle, mandibular teeth, skin on ehin, temporalis muscle, outer table of bones of 
skull in temporal fossa, structures in infratemporal fossa, maxillary sinus, upper teeth and gingivae, 
infra-orbital skin, palate, roofof pharynx, nasal eavity 
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The superior thyroid artery is the fìrst braneh—it 
arises from the anterior surface near or at the bifurca- 
tion and passes in a downward and forward direetion to 
reaeh the superior pole of the thyroid gland. 

The aseending pharyngeal artery is the seeond and 
smallest braneh—it arises from the posterior aspeet of 
the external earotid artery and aseends between the 
internal earotid artery and the pharynx. 

The lingual artery arises from the anterior surface 
of the external earotid artery just above the superior 
thyroid artery at the level of the hyoid bone, passes deep 
to the hypoglossal nerve [XII], and passes between the 
middle eonstrietor and hyoglossus muscles. 

■ The faeial artery is the third anterior braneh of the 
external earotid artery—it arises just above the lingual 
artery, passes deep to the stylohyoid and posterior belly 
of the digastrie imiseles, continues deep between the 
submandibular gland and mandible, and emerges over 
the edge of the mandible just anterior to the masseter 
muscle, to enter the faee. 

The oeeipital artery arises from the posterior surface 
of the external earotid artery, near the level of origin of 
the faeial artery, passes upward and posteriorly deep to 
the posterior belly of the digastrie muscle, and emerges 
on the posterior aspeet of the sealp. 

The posterior auricular artery is a small braneh 
arising from the posterior surface of the external earotid 
artery and passes upward and posteriorly. 

The superficial temporal artery is one of the termi- 
nal branehes and appears as an upward continuation of 
the external earotid artery—beginning posterior to the 
neek of the mandible, it passes anterior to the ear, 
erosses the zygomatie proeess of the temporal bone, and 
above this point divides into anterior and posterior 
branehes. 

■ The maxillary artery is the larger of the two terminal 
branehes of the external earotid artery—arising poste- 
rior to the neek of the mandible, it passes through the 
parotid gland, continues medial to the neek of the man- 
dible and into the infratemporal fossa, and continues 
through this area into the pterygopalatine fossa. 

Veins 

Collecting blood from the skull, brain, superfìcial faee, and 
parts of the neek, the internal jugular vein begins as a 
dilated continuation of the sigmoid sinus, which is a 
dural venous sinus. This initial dilated part is referred to 
as the superior bulb of jugular vein and reeeives 
another dural venous sinus (the inferior petrosal 
sinus) soon after it is formed. It exits the skull through the 
jugular foramen assoeiated with the glossopharyngeal 
[IX], vagus [X], and aeeessory [XI] nerves, and enters the 
earotid sheath. 


The internal jugular vein traverses the neek within the 
earotid sheath, initially posterior to the internal earotid 
artery, but passes to a more lateral position farther down. 

It remains lateral to the eommon earotid artery through 
the rest of the neek with the vagus nerve [X] posterior and 
partially between the two vessels. 

The paired internal jugular veins join with the subcla- 
vian veins posterior to the sternal end of the elaviele 
to form the right and left braehioeephalie veins 
(Fig. 8.165). 

Tributaries to eaeh internal jugular vein include 
the inferior petrosal sinus, and the faeial, lingual, pha- 
ryngeal, oeeipital, superior thyroid, and middle 
thyroid veins. 

In the elinie 

Jugular venous pulse 

The jugular venous pulse is an important elinieal sign 
that enables the physieian to assess the venous 
pressure and waveform and is a refleetion of the 
functioning of the right side of the heart. 

Nerves 

Numerous eranial and peripheral nerves: 

pass through the anterior triangle of the neek as they 
continue to their final destination, 
send branehes to structures in or forming boundaries of 
the anterior triangle of the neek, and 
■ while in the anterior triangle of the neek, send branehes 
to nearby structures. 

The eranial nerves in these eategories include the faeial 
[VII], glossopharyngeal [IX], vagus [X], aeeessory [XI], and 
hypoglossal [XII]. 

Branehes of spinal nerves in these eategories include the 
transverse eervieal nerve from the eervieal plexus and the 
upper and lower roots of the ansa eerviealis. 

Faeial nerve [VII] 

After emerging from the stylomastoid foramen, the faeial 
nerve [VII] gives off branehes that innervate two muscles 
assoeiated with the anterior triangle of the neek: 

the posterior belly of the digastrie, and 
the stylohyoid. 

The faeial nerve [VII] also innervates the platysma 
nrnsele that overlies the anterior triangle and part of the 1013 
posterior triangle of the neek. 
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Glossopharyngeal nerve [IX] 

The glossopharyngeal nerve [IX] leaves the eranial eavity 
through the jugular foramen. It begins its deseent between 
the internal earotid artery and the internal jugular vein, 
lying deep to the styloid proeess and the muscles assoeiated 
with the styloid proeess. As the glossopharyngeal nerve 
[IX] eompletes its deseent, it passes forward between 
the internal and external earotid arteries, and curves 
around the lateral border of the stylopharyngeus muscle 
(Fig. 8.168). At this point, it continues in an anterior diree- 
tion, deep to the hyoglossus muscle, to reaeh the base of 
the tongue and the area of the palatine tonsil. 

As the glossopharyngeal nerve [IX] passes through the 
area of the anterior triangle of the neek it innervates the 
stylopharyngeus muscle, sends a braneh to the earotid 
sinus, and supplies sensory branehes to the pharynx. 

Vagus nerve [X] 

The vagus nerve [X] exits the eranial eavity through the 
jugular foramen between the glossopharyngeal [IX] and 
aeeessory [XI] nerves. 


Stylopharyngeus muscle Glossopharyngeal nerve [IX] 


Hyoglossus muscle 


Internal jugular vein 



Carotid sinus braneh 

External earotid artery Pharyngeal braneh 


Fig. 8.168 Glossopharyngeal nerve [IX] in the anterior triangle of 
the neek. 


Outside the skull the vagus nerve [X] enters the earotid 
sheath and deseends through the neek enelosed in this 
structure medial to the internal jugular vein and posterior 
to the internal earotid and eommon earotid arteries 

(Fig. 8.169). 

Branehes of the vagus nerve [X] asit passes through the 
anterior triangle of the neek include a motor braneh to the 
pharynx, a braneh to the earotid body, the superior laryn- 
geal nerve (which divides into external and internal laryn- 
geal branehes), and possibly a eardiae braneh. 

Aeeessory nerve [XI] 

The aeeessory nerve [XI] is the most posterior of the three 
eranial nerves exiting the eranial eavity through the 
jugular foramen. It begins its deseent medial to the internal 
jugular vein, emerging from between the internal jugular 
vein and internal earotid artery to eross the lateral surface 


Pharyngeal braneh 


Vagus nerve [X] 


Internal jugular vein 


Inferior ganglion 



Internal and 
external branehes 
of superior 
laryngeal nerve 


Gardiae braneh 


Oarotid body braneh 

External earotid artery 


Fig. 8.169 Vagus nerve [X] in the anterior triangle of the neek. 
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of the internal jugular vein as it passes downward and 
backward to disappear either into or beneath the anterior 
border of the sternoeleidomastoid muscle (Fig. 8.170). 

The aeeessory nerve gives off no branehes as it passes 
through the anterior triangle of the neek. 

Hypoglossal nerve [XII] 

The hypoglossal nerve [XII] leaves the eranial eavity 
through the hypoglossal eanal and is medial to the internal 
jugular vein and internal earotid artery immediately 
outside the skull. As it deseends, it passes outward between 
the internal jugular vein and internal earotid artery (Fig. 
8.171). At this point it passes forward, hooking around 
the oeeipital artery, aeross the lateral surfaces of the inter- 
nal and external earotid arteries and the lingual artery, 
and then continues deep to the posterior belly of the digas- 
trie and stylohyoid muscles. It passes over the surface of 
the hyoglossus muscle and disappears deep to the mylohy- 
oid muscle. 


Internal earotid artery Internal jugular vein 

Aeeessory nerve [XI] 



Sternoeleidomastoid muscle Trapezius muscle 

Fig. 8.170 Aeeessory nerve [XI] in the posterior triangle of the 
neek. 
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Fig. 8.171 Hypoglossal nerve [XII]. A. Surgical view of hypoglossal nerve in anterior triangle of the neek. B. Diagram. 
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The hypoglossal nerve [XII], which supplies the tongue, 
does not give off any branehes as it passes through the 
anterior triangle of the neek. 

Transverse eervieal nerve 

The transverse eervieal nerve is a braneh of the eervieal 
plexus arisingfromthe anterior rami of eervieal nerves C2 
and C3. It emerges from beneath the posterior border of 
the sternoeleidomastoid muscle, near the middle of the 
muscle, and loops around the sternoeleidomastoid to eross 
its anterior surface in a transverse direetion (Fig. 8.172). 
Itcontinues aeross the neek and provides cutaneous inner- 
vation to this area. 

Ansa eerviealis 

The ansa eerviealis is a loop of nerve fibers from eervieal 
nerves C1 to C3 that innervate the “strap nmseles” in the 
anterior triangle of the neek (Fig. 8.173). It begins as 



Transverse eervieal nerve 



Sternoeleidomastoid muscle Trapezius muscle 


Fig. 8.172 Transverse eervieal nerve in the anterior triangle of the 
neek. 
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Fig. 8.173 Ansa eerviealis. 
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branehes from the eervieal nerve C1 join the hypoglossal 
nerve [XII] soon after it leaves the skull. 

As the hypoglossal nerve [XII] eompletes its deseent 
and begins to pass forward aeross the internal and 
external earotid arteries, some of the eervieal nerve fibers 
leave it and deseend between the internal jugular vein and 
the internal, and then eommon, earotid arteries. These 
nerve fibers are the superior root of the ansa eerviealis 
and innervate the superior belly of the omohyoid muscle, 
and the upper parts of the sternohyoid and sternothyroid 
muscles. 

Completing the loop is a direet braneh from the eervieal 
plexus eontaining nerve fibers from the seeond and third 
eervieal nerves C2 and C3 (Fig. 8.173). This is the inferior 
root of the ansa eerviealis. It deseends either medial or 
lateral to the internal jugular vein before turning medially 
to join the superior root. At this loeation, the ansa eervi- 
ealis gives off branehes that innervate the inferior belly of 
the omohyoid, and the lower parts of the sternohyoid and 
sternothyroid muscles. 

Elements of the gastrointestinal 
and respiratory systems 

The esophagus, traehea, pharynx, and larynx lie in the 
neek and are related to the anterior triangles. 

Esophagus 

The esophagus is part of the gastrointestinal system 
and has only a short course in the lower neek. It begins 
at vertebral level CVI, where it is continuous with the 
pharynx above and courses inferiorly to pass through the 
thoraeie inlet. It lies direetly anterior to the vertebral 
eohimn (Fig. 8.174B). 

Traehea 

The traehea is part of the lower airway and, like the esoph- 
agus, begins at vertebral level CVI, where it is continuous 
with the larynx above (Fig. 8.174B). The traehea lies 
direetly anterior to the esophagus and passes inferiorly in 
the midline to enter the thorax. 

Pharynx and larynx 

The pharynx is a eommon pathway for air and food, and 
it eonneets respiratory and digestive eompartments in 


the head with similar eompartments in the lower neek 
(see pp. 1040-1052). 

The larynx is the upper end of the lower airway. It is 
continuous with the traehea below and the pharynx 
posterosuperiorly (see pp. 1052-1069). 


The thyroid and parathyroid glands are endoerine glands 
positioned anteriorly in the neek. 

Both glands begin as pharyngeal outgrowths that 
migrate caudally to their final positions as development 
continues. 

The thyroid gland is a large, unpaired gland, while the 
parathyroid glands, usually four in number, are small and 
are on the posterior surface of the thyroid gland. 


The thyroid gland is anterior in the neek below and lateral 
to the thyroid eartilage (Fig. 8.174). It eonsists of two 
lateral lobes (which eover the anterolateral surfaces of 
the traehea, the erieoid eartilage, and the lower part of the 
thyroid eartilage) with an isthmus that eonneets the 
lateral lobes and erosses the anterior surfaces of the seeond 
and third traeheal eartilages. 

Lying deep to the sternohyoid, sternothyroid, and omo- 
hyoidrmiseles, the thyroid gland is in the viseeral eompart- 
ment of the neek. This eompartment also includes the 
pharynx, traehea, and esophagus and is surrounded by the 
pretraeheal layers of faseia. 

The thyroid gland arises as a median outgrowth from 
the floor of the pharynx near the base of the tongue. The 
foramen cecum of the tongue indieates the site of origin 
and the thyroglossal duct marks the path of migration of 
the thyroid gland to its final adult loeation. The thyroglos- 
sal duct usually disappears early in development, but rem- 
nants may persist as a eyst or as a eonneetion to the 
foramen cecum (i.e., a fistula). 

There may also be fimetional thyroid gland: 

assoeiated with the tongue (a lingual thyroid), 
anywhere along the path of migration of the thyroid 
gland, or 

extending upward from the gland along the path of the 
thyroglossal duct (a pyramidal lobe). 


Thyroid and parathyroid glands 


Thyroid gland 
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Fig. 8.174 Thyroid gland in the anterior triangle of neek. A. Anterior view. B. Transverse view. C. Ultrasound sean—compound axial view of 
the neek. D. Ultrasound sean—axial view of the neek. E. Nuclear medieine sean—normal thyroid uptake of perteehnetate in the neek. 
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Arterial supply 

Two major arteries supply the thyroid gland. 


At the thyroid gland the inferior thyroid artery divides 
into an: 


Superior thyroid artery. The superior thyroid artery is the 
fìrst braneh of the external earotid artery (Fig. 8.175). It 
deseends, passing along the lateral margin of the thyrohy- 
oid muscle, to reaeh the superior pole of the lateral lobe of 
the gland where it divides into anterior and posterior glan- 
dular branehes: 

The anterior glandular braneh passes along the 
superior border of the thyroid gland and anastomoses 
with its twin from the opposite side aeross the isthimis 

(Fig. 8.175). 

■ The posterior glandular braneh passes to the poste- 
rior side of the gland and may anastomose with the 
inferior thyroid artery (Fig. 8.176). 

Inferior thyroid artery. The inferior thyroid artery is 

a braneh of the thyroeervieal trunk, which arises from 
the fìrst part of the subclavian artery (Figs. 8.175 and 
8.176). It aseends along the medial edge of the anterior 
sealene muscle, passes posteriorly to the earotid sheath, 
and reaehes the inferior pole of the lateral lobe of the 
thyroid gland. 
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Fig. 8.175 Vasculature of the thyroid: anterior view. 


inferior braneh, which supplies the lower part of the 
thyroid gland and anastomoses with the posterior 
braneh of the superior thyroid artery, and 

■ an aseending braneh, which supplies the parathyroid 
glands. 

Oeeasionally, a small thyroid ima artery arises from 
the braehioeephalie trunk or the areh of the aorta and 
aseends on the anterior surface of the traehea to supply the 
thyroid gland. 

Venous and lymphatie drainage 

Three veins drain the thyroid gland (Fig. 8.175): 

■ The superior thyroid vein primarily drains the area 
supplied by the superior thyroid artery. 

■ The middle and inferior thyroid veins drain the rest 
of the thyroid gland. 

The superior and middle thyroid veins drain into 
the internal jugular vein, and the inferior thyroid veins 



Left subclavian 

artery 


Superlor 
thyroìd artery 


artery 


Right recurrent 
laryngeal nerve 


Left recurrent 
laryngeal nerve 


Fig. 8.176 Superior and inferior thyroid arteries and left and right 
recurrent laryngeal nerves: posterior view. 
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empty into the right and left braehioeephalie veins, 
respeetively. 

Lymphatie drainage of the thyroid gland is to nodes 
beside the traehea (paratraeheal nodes) and to deep eervi- 
eal nodes inferior to the omohyoid muscle along the inter- 
nal jugular vein. 

Recurrent laryngeal nerves 

The thyroid gland is elosely related to the recurrent laryn- 
geal nerves. After branehing from the vagus nerve [X] and 
looping around the subclavian artery on the right and the 
areh of the aorta on the left, the recurrent laryngeal 
nerves aseend in a groove between the traehea and esoph- 
agus (Fig. 8.176). They pass deep to the posteromedial 
surface of the lateral lobes of the thyroid gland and enter 
the larynx by passing deep to the lower margin of the infe- 
rior eonstrietor of the pharynx. 

Together with branehes of the inferior thyroid arteries, 
the recurrent laryngeal nerves are elearly related to, 
and may pass through ligaments, one on eaeh side, that 


bind the thyroid gland to the traehea and to the erieoid 
eartilage of the larynx. These relationships need to be eon- 
sidered when surgically removing or manipulating the 
thyroid gland. 

Parathyroid glands 

The parathyroid glands are two pairs of small, ovoid, yel- 
lowish structures on the deep surface of the lateral lobes 
of the thyroid gland. They are designated as the superior 
and inferior parathyroid glands (Fig. 8.176). However, 
their position is quite variable and they may be anywhere 
from the earotid bifurcation superiorly to the mediastinum 
inferiorly. 

Derived from the third (the inferior parathyroid glands) 
and fourth (the superior parathyroid glands) pharyngeal 
pouches, these paired structures migrate to their final 
adult positions and are named aeeordingly. 

The arteries supplying the parathyroid glands are the 
inferior thyroid arteries, and venous and lymphatie drain- 
age follows that deseribed for the thyroid gland. 


In the elinie 

Thyroid gland 

The thyroid gland develops from a small region of tissue 
near the base of the tongue. This tissue deseends as the 
thyroglossal duct from the foramen cecum in the 
posterior aspeet of the tongue to pass adjaeent to the 
anterior aspeet of the middle of the hyoid bone. The 
thyroid tissue continues to migrate inferiorly and 
eventually eomes to rest at the anterior aspeet of the 
traehea in the root of the neek. 

Consequently 7 the migration of thyroid tissue may be 
arrested anywhere along the embryologieal deseent of the 


gland. Eetopie thyroid tissue is relatively rare. More 
frequently seen is the eystie ehange that arises from the 
thyroglossal duct. The usual symptom of a thyroglossal 
duct eyst is a midline mass. Ultrasound easily 
demonstrates its nature and position, and treatment is by 
surgical excision. The whole of the duct as well as a small 
part of the anterior aspeet of the hyoid bone must be 
excised to prevent recurrence. 
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ln the elinie 

Thyroideetomy 

A thyroideetomy is a eommon surgical procedure. In most 
eases it involves excision of part or most of the thyroid 
gland. This surgical procedure is usually earried out for 
benign diseases, such as multinodular goiter and thyroid 
eaneer. 

Given the loeation of the thyroid gland, there is a 
possibility of damaging other structures when earrying 
out a thyroideetomy, namely the parathyroid glands and 
the recurrent laryngeal nerve ( z ig. 8.177). Assessment of 
the voeal folds is neeessary before and after thyroid 
surgery because the recurrent laryngeal nerves are elosely 
related to ligaments that bind the gland to the larynx and 
ean be easily traumatized during surgical procedures. 


Left lobe of thyroid gland 



Left recurrent laryngeal nerve 


Fig. 8.177 Surgical view of left lobe of enlarged thyroid 
(goiter) retraeted to show elose assoeiation with recurrent 
laryngeal nerve. 


In the elinie 


Thyroid gland pathology 

Thyroid gland pathology is extremely complex. In essenee, 
thyroid gland pathology should be assessed from two 
points of view. First, the thyroid gland may be diffusely or 
foeally enlarged, for which there are numerous causes. 
Seeond, the thyroid gland may undersecrete or 
overseerete the hormone thyroxine. 

One of the eommonest disorders of the thyroid gland 
is a multinodular goiter, which is a diffuse irregular 
enlargement of the thyroid gland with areas of thyroid 
hypertrophy and eolloid eyst formation. Most patients are 
euthyroid (i.e v have normal serum thyroxine levels). The 
typieal symptom is a diffuse mass in the neek, which may 
be managed medieally or may need surgical excision if the 
mass is large enough to affeet the patient's life or cause 
respiratory problems. 


Isolated nodules in the thyroid gland may be a 
dominant nodule in a multinodular gland or possibly an 
isolated tumor of the thyroid gland. Isolated tumors may 
or may not seerete thyroxine depending on their cellular 
morphology. Treatment is usually by excision. 

lmmunological diseases may affeet thethyroid gland 
and may overstimulate it to produce excessive thyroxine. 
These diseases may be assoeiated with other extrathyroid 
manifestations, which include exophthalmos, pretibial 
myxedema, and nail ehanges. Other causes of diffuse 
thyroid stimulation include viral thyroiditis. Some diseases 
may cause atrophy of the thyroid gland r leading to 
undersecretion of thyroxine (myxedema). 
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ln the elinie 


Eetopie parathyroid glands 

The parathyroid glands develop from the third and fourth 
pharyngeal pouches and transloeate to their more adult 
loeations during development. The position of the glands 


ean be highly variable, sometimes being situated high in 
the neek or in the thorax. Tumors develop in any of these 
loeations (Fig. 8.178). 



Fig. 8.178 Eetopie parathyroid adenoma in superior mediastinum. Noneontrast hybrid single photon emission computed tomography/ 
computed tomography (SPECT/CT). A. Transverse view. B. Sagittal view. C. Coronal view. 


Loeation of structures in different regions 
of the anterior triangle of the neek 

The regional loeation of major structures in the anterior 
triangle of the neek is summarized in Table 8.14. Struc- 
tures ean be identified as being within a speeifie 


subdivision, passing into a speeifie subdivision from outside 
the area, originating in one subdivision and passing to 
another subdivision, or passing through several subdivi- 
sions while traversing the region. 


Table 8.14 Subdivisions of the anterior triangle of the neek—a regional approaeh 


Subdivision 


Boundaries 


Contents 


Submental triangle 
(unpaired) 

Submandibular triangle 
(paired) 

Carotid triangle (paired) 


Muscular triangle (paired) 


Mandibular symphysis; anterior belly of digastrie 
muscle; body of hyoid bone 

Lower border of mandible; anterior belly of digastrie 
muscle; posterior belly of digastrie muscle 

Posterior belly of digastrie muscle; superior belly of 
omohyoid muscle; anterior borderof 
sternoeleidomastoid muscle 


Midline of neek; superior belly of omohyoid muscle; 
anterior border of sternoeleidomastoid muscle 


Submental lymph nodes; tributaries forming the 
anterior jugular vein 

Submandibular gland; submandibular lymph nodes; 
hypoglossal nerve [XII]; mylohyoid nerve;facial artery 
and vein 

Tributaries to eommon faeial vein; eervieal braneh of 
faeial nerve [VII]; eommon earotid artery; external and 
internal earotid arteries; superior thyroid; aseending 
pharyngeal; lingual, faeial, and oeeipital arteries; internal 
jugular vein; vagus [X], aeeessory [XI], and hypoglossal 
[XII] nerves; superior and inferior roots of ansa eerviealis; 
transverse eervieal nerve 

Sternohyoid, omohyoid, sternohyoid, and thyrohyoid 
muscles; thyroid and parathyroid glands; pharynx 
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Posterior triangle of the neek 

The posterior triangle of the neek is on the lateral aspeet 
of the neek in direet continuity with the upper limb (Fig. 
8.179). It is bordered: 

anteriorly by the posterior edge of the sternoeleidomas- 
toid muscle, 

posteriorly by the anterior edge of the trapezius muscle, 
basally by the middle one-third of the elaviele, and 
apieally by the oeeipital bone just posterior to the 
mastoid proeess where the attaehments of the trapezhis 
and sternoeleidomastoid eome together. 


The roof of the posterior triangle eonsists of an 
investing layer of eervieal faseia that surrounds the sterno- 
eleidomastoid and trapezhis muscles as it passes through 
the region. 

The muscular floor of the posterior triangle is eovered 
by the prevertebral layer of eervieal faseia; and from 
superior to inferior eonsists of the splenius eapitis, levator 
scapulae, and the posterior, middle, and anterior sealene 
muscles. 


Sternoeleidomastoid muscle 
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Fig. 8.179 Borders of the posterior triangle of the neek. 
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Musdes 

Numerous rmiseles partieipate in forming the borders and 
floor of the posterior triangle of the neek ( Table 8.15). 

In addition, the omohyoid muscle passes aeross the 
inferior part of the posterior triangle before disappearing 
under the sternoeleidomastoid muscle and emerging in the 
anterior triangle (Fig. 8.180). It is enelosed in the investing 
layer of eervieal faseia and erosses the posterior triangle 
from lateral to medial as it continues in a superior diree- 
tion. It originates on the superior border of the scapula, 
just medial to the scapular noteh and eventually inserts 
into the inferior border of the body of the hyoid bone. It 
has two bellies eonneeted by a tendon, which is anehored 
by a faseial sling to the elaviele: 

The superior belly is in the anterior triangle. 

The inferior belly erosses the posterior triangle, subdi- 
viding it into a small, omoclavicular or subclavian 


triangle inferiorly and a much larger oeeipital tri- 
angle superiorly. 

The omohyoid is innervated by branehes of the ansa 
eerviealis (anterior rami from C1 to C3) and it depresses 
the hyoid bone. 

Vessels 

External jugular vein 

One of the most superfìcial structures passing through the 
posterior triangle of the neek is the external jugular vein 
(Fig. 8.181). This large vein forms near the angle of the 
mandible, when the posterior braneh of the retromandibu- 
lar and posterior auricular veins join, and deseends through 
the neek in the superfìcial faseia. 

After erossing the sternoeleidomastoid nrnsele, the 
external jugular vein enters the posterior triangle and eon- 
tinues its vertieal deseent. 


Table 8.15 Muscles assoeiated with the posterior triangle of the neek; parentheses indieate possible involvement 


Muscle 

Sternoeleidomastoid 


Sternal head 


Clavicular head 


Trapezius 


Splenius eapitis 


Levator scapulae 


Posterior sealene 


Middle sealene 


Anterior sealene 


Omohyoid 


Origin 


Insertion 


Innervation 


Function 


llpper part of anterior 
surface of manubrium of 
sternum 


Lateral one-half of superior Aeeessory nerve [XI] and 


nuchal line 


branehes from anterior 
rami of C2 to C3 (C4) 


lndividually—will tilt head 
toward shoulder on same 
side rotating head to turn 
faeeto opposite side; aeting 
together, draw head forward 


Superior surface of medial 
one-third of elaviele 


Lateral surface of mastoid 
proeess 


Superior nuchal line; external Lateral one-third of elaviele; Motor—aeeessory nerve 

aeromion; spine of scapula [XI]; proprioeeption—C3 


oeeipital protuberance; 
ligamentum nuchae; spinous 
proeesses of vertebrae CVII 
to TXII 


and C4 


Lower half of ligamentum 


Mastoid proeess, skull below Posterior rami of middle 


nuchae; spinous proeesses of lateral one-third of superior eervieal nerves 


vertebrae CVII to TIV 


nuchal line 


Assists in rotating the scapula 
during abduction of humerus 
above horizontal; 
upper fibers—elevate, 
middle fibers—adduct, 
lower fibers—depress scapula 

Together, draw head 
backward; individually, draw 
and rotate head to one side 
(turn faee to same side) 


Transverse proeesses of Cl to Upper part of medial border C3, C4; and dorsal scapular Elevates scapula 


CIV 

Posterior tubercles of 
transverse proeesses of 
vertebrae CIV to CVI 

Transverse proeesses of 
vertebrae Cll to CVII 


of scapula 

Upper surface of rib II 


nerve (C4, C5) 

Anterior rami of C5 to C7 


Elevation of rib II 


Upper surface of rib I 
posterior to the groove for 
the subclavian artery 


Anterior rami of C3 to C7 


Elevation of rib 


Anterior tubercles of the 
transverse proeesses of 
vertebrae Clll to CVI 

Superior border of scapula 
medial to scapular noteh 


Sealene tubercle and upper Anterior rami of C4 to C7 Elevation of rib 
surface of rib I 


Inferior border of body of 
hyoid bone 


Ansa eerviealis; anterior 
rami of C1 to C3 


Depress the hyoid bone 
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Stemoeleidomastoid muscle 


Levator scapulae muscle 


Anterior sealene muscle 
Middle sealene muscle 



Splenius eapitis musde 


Posterìor sealene muscle 


Trapezius muscíe 





Aeromion of 
scapula 


Inferior belly of omohyoid muscle 


Fig. 8.180 Muscles of the posterior triangle of the neek. 


Retromandibular vein 


Stemoeleidomastoid muscle 


Externa1 jugular vein 




vein 


Posterior external jugular vein 


Trapezius muscle 


Transverse eervíeal vein 


Suprascapular vein 


Fig. 8.181 External jugular vein in the posterior triangle of the neek. 
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In the lower part of the posterior triangle, the external 
jugular vein pierees the investing layer of eervieal faseia 
and ends in the subclavian vein. 

Tributaries to the external jugular vein while it tra- 
verses the posterior triangle of the neek include the 
transverse eervieal, suprascapular, and anterior jugular 
veins. 

Subclavian artery and its branehes 

Several arteries are found within the boundaries of the 
posterior triangle of the neek. The largest is the third part 
of the subclavian artery as it erosses the base of the poste- 
riortriangle (Fig. 8.182). 

The fìrst part of the subclavian artery aseends to 
the medial border of the anterior sealene muscle from 
either the braehioeephalie trunk on the right side or direetly 
from the areh of the aorta on the left side. It has numerous 
branehes. 


The seeond part of the subclavian artery passes 
laterally between the anterior and middle sealene muscles, 
and one braneh may arise from it. 

The third part of the subclavian artery emerges 
from between the anterior and middle sealene muscles to 
eross the base of the posterior triangle (Fig. 8.182). It 
extends from the lateral border of the anterior sealene 
muscle to the lateral border of rib I where it beeomes the 
axillary artery and continues into the upper limb. 

A single braneh (the dorsal scapular artery) may 
arise from the third part of the subclavian artery. This 
braneh passes posterolaterally to reaeh the superior angle 
of the scapula where it deseends along the medial border 
of the scapula posterior to the rhomboid muscles. 

Transverse eervieal and suprascapular arteries 

Two other small arteries also eross the base of the pos- 
terior triangle. These are the transverse eervieal and the 


SternoeieidomastOEd musc!e 




Ist part of subclavian artery 


Suprascapular artery 


External jugular vein 


Subciavian veìn 


Anterior sealene muscle 
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3rd part of subclavian artery 


Fig. 8.182 Arteries in the posterior triangle of the neek. 
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suprascapular arteries (Fig. 8.182). They are both branehes 
of the thyroeervieal trunk, which arises from the first part 
of the subclavian artery. 

After branehing from the thyroeervieal trunk, the 
transverse eervieal artery passes laterally and slightly 
posteriorly aeross the base of the posterior triangle anterior 
to the anterior sealene muscle and the braehial plexus. 
Reaehing the deep surface of the trapezms muscle, it 
divides into superficial and deep branehes: 

The siiperfieial braneh continues on the deep surface 
of the trapezius muscle. 

■ The deep braneh continues on the deep surface of the 
rhomboid muscles near the medial border of the scapula. 

The suprascapular artery, also a braneh of the thy- 
roeervieal trunk, passes laterally, in a slightly downward 
direetion aeross the lowest part of the posterior triangle, 
and ends up posterior to the elaviele (Fig. 8.18 2 ). Approaeh- 
ing the scapula, it passes over the superior transverse seap- 
ular ligament and distributes branehes to muscles on the 
posterior surface of the scapula. 

Veins 

Veins aeeompany all the arteries deseribed previously. 

The subclavian vein is a continuation of the axillary 
vein and begins at the lateral border of rib I. As it erosses 


the base of the posterior triangle, the external jugular, and, 
possibly, the suprascapular and transverse eervieal veins 
enter it (Fig. 8.181). It ends by joining with the internal 
jugular vein to form the braehioeephalie vein near the ster- 
noclavicular joint. In the posterior triangle it is anterior to, 
and slightly lower than, the subclavian artery and passes 
anterior to the anterior sealene muscle. 

Transverse eervieal and suprascapular veins travel with 
eaeh of the similarly named arteries. These veins beeome 
tributaries to either the external jugular vein or the initial 
part of the subclavian vein. 

Nerves 

A variety of nerves pass through or are within the poste- 
rior triangle. These include the aeeessory nerve [XI], 
branehes of the eervieal plexus, eomponents forming the 
braehial plexus, and branehes of the braehial plexus. 

Aeeessory nerve 

The aeeessory nerve [XI] exits the eranial eavity through 
the jugular foramen. It deseends through the neek in 
a posterior direetion, to reaeh the anterior border of the 
sternoeleidomastoid muscle. Passing either deep to or 
through and innervating the sternoeleidomastoid muscle, 
the aeeessory nerve [XI] continues to deseend and enters 
the posterior triangle (Fig. 8.183). It erosses the posterior 
triangle, still in an obliquely downward direetion, within 



Lesser oeeipital nerve 
Great auricular nerve 


Aeeessory nerve [XI] 


Trapezius muscle 


Supraclavicular nerves 


Fig. 8.183 Aeeessory nerve and cutaneous branehes of the eervieal plexus in the posterior triangle of the neek. 
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the investing layer of eervieal faseia as this faseia erosses 
between the sternoeleidomastoid and trapezius muscles. 
When the aeeessory nerve [XI] reaehes the anterior border 
of the trapezhis muscle, it continues on the deep surface of 
the trapezhis and innervates it. The superficial loeation of 
the aeeessory nerve as it erosses the posterior triangle 
makes it susceptible to injury. 

Cervical plexus 

The eervieal plexus is formed by the anterior rami of eervi- 
eal nerves C1 to C4 (Fig. 8.184). 

The eervieal plexus forms in the substance of the 
muscles making up the floor of the posterior triangle 
within the prevertebral layer of eervieal faseia, and eon- 
sists of: 

muscular (or deep) branehes, and 
cutaneous (or superficial) branehes. 

The cutaneous branehes are visible in the posterior tri- 
angle emerging from beneath the posterior border of the 
sternoeleidomastoid muscle (Fig. 8.183). 


Muscular branehes 

Muscular (deep) branehes of the eervieal plexus distribute 
to several groups of imiseles. A major braneh is the 
phrenie nerve, which supplies the diaphragm with both 
sensory and motor innervation (Fig. 8.184). It arises from 
the anterior rami of eervieal nerves C3 to C5. Hooking 
around the upper lateral border of the anterior sealene 
muscle, the nerve continues inferiorly aeross the anterior 
surface of the anterior sealene within the prevertebral 
faseia to enter the thorax (Fig. 8.185). As the nerve 
deseends in the neek, it is “pinned” to the anterior sealene 
nrnsele by the transverse eervieal and suprascapular 
arteries. 

Several muscular branehes of the eervieal plexus supply 
prevertebral and lateral vertebral muscles, including the 
rectus eapitis anterior, rectus eapitis lateralis, longus eolli, 
and longus eapitis (Fig. 8.185 and Table 8.16). 

The eervieal plexus also contributes to the formation 
of the superior and inferior roots of the ansa eerviealis 
(Fig. 8.184). This loop of nerves reeeives contributions 
from the anterior rami of the eervieal nerves C1 to C3 and 
innervates the infrahyoid muscles. 


Superior rootof 
ansa eerviealis 


T ransverse 
eervieal nerve 


Inferior root of 
ansa eerviealis 


Supraclavicular nerve 


Lesser oeeipital 


nerve 



Great auricular 
nerve 


ToGS 



n e rve 


Fig. 8.184 Cervical plexus. 
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Rectus eapitis anterior muscle 
Rectus eapitis lateralis muscle 


Longus eapitis muscle 


Levator scapuíae muscle 



Longus eolli muscle 


Sealene muscles 


ie nerve 


Fig. 8.185 Prevertebral and lateral vertebral muscles supplied by eervieal plexus. 


Table8.16 Prevertebral and lateral vertebral muscles 

Muscle 

Origin 

Insertion 

Innervation 

Function 

Rectus eapitis anterior 

Anterior surface of lateral part of 
atlas and its transverse proeess 

Inferior surface of basilar 
part of oeeipital bone 

Branehes from anterior 
rami of C1, C2 

Flexes head at atlanto- 
oeeipital joint 

Rectus eapitis lateralis 

Superior surface of transverse 
proeess of atlas 

Inferior surface of jugular 
proeess of oeeipital bone 

Branehes from anterior 
rami of C1, C2 

Flexes head laterally to same 
side 

Longus eolli 

—Superior oblique part 

Anterior tubercles of transverse 
proeesses of vertebrae Clll to CV 

Tubercle of anterior areh 
of atlas 

Branehes from anterior 
rami of C2 to C6 

Flexes neek anteriorly and 
laterally and slight rotation 
to opposite side 

—Inferior oblique part 

Anterior surface of bodies of 
vertebrae Tl, Tll, and maybe Tlll 

Anterior tubercles of 
transverse proeesses of 
vertebrae CV and CVI 



—Vertieal part 

Anterior surface of bodies of Tl 
to Tllland CV to CVII 

Anterior surface of bodies 
of vertebrae Cll to CIV 




Longus eapitis Tendinous slips to transverse Inferior surface of basilar Branehes from anterior Flexes the head 

proeesses of vertebrae Clll to CVI part of oeeipital bone rami of C1 to C3 
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Cutaneous branehes 

Cutaneous (superfìcial) branehes of the eervieal plexus are 
visible in the posterior triangle as they pass outward from 
the posterior border of the sternoeleidomastoid muscle 

(Figs. 8.183 and 8.184): 

The lesser oeeipital nerve eonsists of contributions 
from eervieal nerve C2 (Fig. 8.184), aseends along the 
posterior border of the sternoeleidomastoid rmisele, and 
distributes to the skin of the neek and sealp posterior to 
the ear. 

The great auricular nerve eonsists of branehes from 
eervieal nerves C2 and C3, emerges from the posterior 
border of the sternoeleidomastoid muscle, and aseends 
aeross the rmisele to the base of the ear, supplying the 
skin of the parotid region, the ear, and the mastoid area. 
The transverse eervieal nerve eonsists of branehes 
from the eervieal nerves C2 and C3, passes around the 
midpart of the sternoeleidomastoid muscle, and eontin- 
ues horizontally aeross the muscle to supply the lateral 
and anterior parts of the neek. 

The supraclavicular nerves are a group of cutaneous 
nerves from eervieal nerves C3 and C4 that, after emerg- 
ing from beneath the posterior border of the sterno- 
eleidomastoid muscle, deseend and supply the skin over 
the elaviele and shoulder as far inferiorly as rib II. 

Braehial plexus 

The braehial plexus forms from the anterior rami of eervi- 
eal nerves C5 to C8 and thoraeie nerve Tl. The 


contributions of eaeh of these nerves, which are between 
the anterior and middle sealene muscles, are the roots of 
the braehial plexus. As the roots emerge from between 
these rmiseles, they form the next eomponent of the bra- 
ehial plexus (the trunks) as follows: 

the anterior rami of C5 and C6 form the upper trunk, 
the anterior ramus of C7 forms the middle trank, 
the anterior rami of C8 and T1 form the lower trunk. 

The tranks eross the base of the posterior triangle 
(see Fig. 8.182). Several branehes of the braehial plexus 
may be visible in the posterior triangle (see Fig. 7.54 on pg. 
741). These inehide the: 

■ dorsal scapular nerve to the rhomboid muscles, 
long thoraeie nerve to the serratus anterior muscle, 
nerve to the subclavius muscle, and 
suprascapular nerve to the supraspinatus and infra- 
spinatus nraseles. 

Root of the neek 

Theroot of the neek (Fig. 8.186) is the area immediately 
superior to the superior thoraeie aperture and axillary 
inlets. It is bounded by: 


Tl vertebra 


Esophagus 


Gervieal 



Manubrium of sternum 
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Fig. 8.186 Root of the neek. 
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the top of the manubrium of the sternum and superior 

margin of the elaviele anteriorly, and 

the top of the thoraeie vertebra TI and the superior 

margin of the scapula to the eoraeoid proeess 

posteriorly. 

It eontains structures passing between the neek, 
thorax, and upper limb. There is also an extension of the 
thoraeie eavity projeeting into the root of the neek (Fig. 
8 . 186 ). This eonsists of an upward projeetion of the pleural 
eavity, on both sides, and includes the eervieal part of the 
parietal pleura (cupula), and the apieal part of the superior 
lobe of eaeh lung. 

Anteriorly, the pleural eavity extends above the top of 
the manubrium of the sternum and superior border of rib 
I, while posteriorly, due to the downward slope of the supe- 
rior thoraeie aperture, the pleural eavity remains below the 
top of vertebra TI. 


Vessels 

Subclavian arteries 

The subclavian arteries on both sides areh upward out of 
the thorax to enter the root of the neek (Fig. 8 . 187 ). 

The right subclavian artery begins posterior to the 
sternoclavicular joint as one of two terminal branehes 
of the braehioeephalie trunk. It arehes superiorly and 
laterally to pass anterior to the extension of the pleural 
eavity in the root of the neek and posterior to the anterior 
sealene muscle. Continuing laterally aeross rib I, it beeomes 
the axillary artery as it erosses its lateral border. 

The left subclavian artery begins lower in the thorax 
than the right subclavian artery as a direet braneh of the 
areh of the aorta. Lying posterior to the left eommon 
earotid artery and lateral to the traehea, it aseends and 
arehes laterally, passing anterior to the extension of the 
pleural eavity and posterior to the anterior sealene muscle. 



Ve rte bra l arten, 


C6 vertebral body 


Esophagijs 


Traehea 


Deep eervieal artery 


Siipreme intereostal artery 

Gostoeervíeal trunk 


Aseending eervieal artery 


Anterior sealene muscle 


Transverse eervieal artery 


Left subclavian 
artery 

— Internal thoraeie 


artery 


Left eommon 
earotid artery 


Thyroeervieal trunk 

Right subclavian 

artery 


Rib I 


Fig. 8.187 Vasculature of the root of the neek. 
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It continues laterally over rib I, and beeomes the axillary 
artery as it erosses the lateral border of rib I. 

Both subclavian arteries are divided into three parts by 
the anterior sealene muscle (Fig. 8.187): 

The fìrst part extends from the origin of the artery to the 
anterior sealene muscle. 

The seeond part is the part of the artery posterior to the 
anterior sealene muscle. 

The third part is the part lateral to the anterior sealene 
muscle before the artery reaehes the lateral border 
of rib I. 

All branehes from the right and left subclavian arteries 
arise from the fìrst part of the artery, except in the ease 
of one braneh (the eostoeervieal trank) on the right side 
(Fig. 8.187). The branehes inehide the vertebral artery, the 
thyroeervieal trank, the internal thoraeie artery, and the 
eostoeervieal trank. 

Vertebral artery 

The vertebral artery is the fìrst braneh of the subclavian 
artery as it enters the root of the neek (Fig. 8.18 7). A large 
braneh, arising from the fìrst part of the subclavian artery 
medial to the anterior sealene muscle, it aseends and enters 
the foramen in the transverse proeess of vertebra CVI. Con- 
tinuing to pass superiorly, the vertebral artery passes 
through the foramina of vertebrae CV to CI. At the superior 
border of vertebra CI, the artery turns medially and erosses 
the posterior areh of vertebra CI. From here it passes 
through the foramen magnum to enter the posterior 
eranial fossa. 


Transverse eervieal artery. The middle braneh of the thy- 
roeervieal trank is the transverse eervieal artery (Fig. 
8.187). This braneh passes laterally, aeross the anterior 
surface of the anterior sealene muscle and the phrenie 
nerve, and enters and erosses the base of the posterior 
triangle of the neek. It continues to the deep surface of the 
trapezius muscle, where it divides into superfìcial and deep 
branehes: 

The superficial braneh continues on the deep surface 
of the trapezius muscle. 

The deep braneh continues on the deep surface of the 
rhomboid muscles near the medial border of the scapula. 

Suprascapular artery. The lowest braneh of the thyroeer- 
vieal trank is the suprascapular artery (Fig. 8.187). This 
braneh passes laterally, erossing anterior to the anterior 
sealene rmisele, the phrenie nerve, the third part of the 
subclavian artery, and the trunks of the braehial plexus. 
At the superior border of the scapula, it erosses over the 
superior transverse scapular ligament and enters the 
supraspinatus fossa. 

Internal thoraeie artery 

The third braneh of the subclavian artery is the internal 
thoraeie artery (Fig. 8.187). This artery branehes from 
the inferior edge of the subclavian artery and deseends. 

It passes posterior to the elaviele and the large veins in 
the region and anterior to the pleural eavity. It enters the 
thoraeie eavity posterior to the ribs and anterior to the 
transversus thoraeis muscle and continues to deseend 
giving off numerous branehes. 


Thyroeervieal trunk 

The seeond braneh of the subclavian artery is the thyro- 
eervieal trank (Fig. 8.187). It arises from the first part of 
the subclavian artery medial to the anterior sealene muscle, 
and divides into three branehes—the inferior thyroid, the 
transverse eervieal, and the suprascapular arteries. 

Inferior thyroid artery. The inferior thyroid artery (Fig. 
8.187) is the superior continuation of the thyroeervieal 
trank. It aseends, anterior to the anterior sealene muscle, 
and eventually turns medially, erossing posterior to the 
earotid sheath and its eontents and anterior to the verte- 
bral artery. Reaehing the posterior surface of the thyroid 
gland it supplies the thyroid gland. 

When the inferior thyroid artery turns medially, it gives 
off an important braneh (the aseending eerviealartery), 
which continues to aseend on the anterior surface of the 
prevertebral muscles, supplying these muscles and sending 
1032 branehes to the spinal eord. 


Costocervical trunk 

The final braneh of the subclavian artery in the root of the 
neek is the eostoeervieal trank (Fig. 8.187). It arises in 
a slightly different position, depending on the side: 


On the left, it arises from the first part of the subclavian 
artery, just medial to the anterior sealene muscle. 

On the right, it arises from the seeond part of the sub- 
elavian arterv. 


On both sides, the eostoeervieal trank aseends and 
passes posteriorly over the dome of the pleural eavity and 
continues in a posterior direetion behind the anterior 
sealene muscle. Eventually it divides into two branehes— 
the deep eervieal and the supreme intereostal arteries: 


The deep eervieal artery aseends in the baek of the 
neek and anastomoses with the deseending braneh of 
the oeeipital artery. 
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The supreme intereostal artery deseends anterior to 
rib I and divides to form the posterior intereostal arteries 
for the first two intereostal spaees. 

Veins 

Numerous veins pass through the root of the neek. Small 
veins aeeompany eaeh of the arteries deseribed above, and 
large veins form major drainage ehannels. 

The subclavian veins begin at the lateral margin of rib 
I as continuations of the axillary veins. Passing medially 
on eaeh side, just anterior to the anterior sealene muscles, 
eaeh subclavian vein is joined by the internal jugular vein 
to form the braehioeephalie veins. 

The only tributary to eaeh subclavian vein is an external 
jugular vein. 

The veins aeeompanying the numerous arteries in this 
region empty into other veins. 


Nerves 

Severalnerves and eomponents of the nervous system pass 
through the root of the neek. 

Phrenie nerves 

The phrenie nerves are branehes of the eervieal plexus 
and arise on eaeh side as contributions from the anterior 
rami of eervieal nerves C3 to C5 eome together. Passing 
around the upper lateral border of eaeh anterior sealene 
muscle, the phrenie nerves continue inferiorly aeross 
the anterior surface of eaeh anterior sealene muscle within 
the prevertebral layer of eervieal faseia (Fig. 8.188). 
Leaving the lower edge of the anterior sealene imisele 
eaeh phrenie nerve passes between the subclavian vein 
and artery to enter the thorax and continue to the 
diaphragm. 


Thyroid eartilage 
Common earotid artery 


Thyroíd gland left lobe (elevated) 


Left recurrent laryngeal ner e 

Left vagus nerve [X] 


Traehe a 


Leff braehìoeephalie vein 



vein 



Inferior thyroid artery 


Phrenie nerve 



Fig. 8.188 Nerves in the root of the neek. 
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Vagus nerves [X] 

The vagus nerves [X] deseend through the neek within the 
earotid sheath, posterior to and just between the eommon 
earotid artery and the internal jugular vein. 

In the lower part of the neek, the vagus nerves [X] give 
off eardiae branehes, which continue downward and 
medially, passing posterior to the subclavian arteries to dis- 
appear into the thorax. 

In the root of the neek, eaeh vagus nerve [X] passes 
anterior to the subclavian artery and posterior to the sub- 
elavian vein as it enters the thorax (Fig. 8.188). 

Recurrent laryngeal nerves 

The right and left recurrent laryngeal nerves are visible as 
they originate in (the right recurrent laryngeal nerve), or 
pass through (the left recurrent laryngeal nerve), the root 
of the neek. 

The right recurrent laryngeal nerve is a braneh of 
the right vagusnerve [X] as it reaehes the lower edge of the 
fìrst part of the subclavian artery in the root of the neek. 
It passes around the subclavian artery and upward and 
medially in a groove between the traehea and the esopha- 
gus as it heads to the larynx. 

The left recurrent laryngeal nerve is a braneh of the 
left vagus nerve [X] as it erosses the areh of the aorta in 
the superior mediastinum. It passes below and behind the 
areh of the aorta and aseends beside the traehea to the 
larynx (Fig. 8.188). 

Sympathetie nervous system 

Various eomponents of the sympathetie nervous system 
are visible as they pass through the root of the neek (Fig. 
8.189). These inehide: 


ln the elinie 

Recurrent laryngeal nerve palsy 

Damage to either the right or left recurrent laryngeal 
nerve may lead initially to a hoarse voiee and finally to 
an inability to speak. Recurrent laryngeal nerve palsy 
ean occur from disruption of the nerves anywhere along 
their course. Furthermore, interruption of the vagus 
nerves before the division of the recurrent laryngeal 
nerves ean also produce voeal symptoms. 

Lung eaneer in the apex of the right lung ean affeet 
the right recurrent laryngeal nerve, whereas eaneers 
that infìltrate into the area between the pulmonary 
artery and aorta, an area known elinieally as the 
"aortopolmonary window," ean affeet the left recurrent 
laryngeal nerve. Thyroid surgery also ean traumatize 
the recurrent laryngeal nerves. 


the eervieal part of the sympathetie trunk, 

the ganglia assoeiated with the eervieal part of the sym- 

pathetie trunk, and 

eardiae nerves branehing from the eervieal part of the 
sympathetie trunk. 

The sympathetie trunks are two parallel eords that run 
from the base of the skull to the coccyx. Along the way they 
are punctuated by ganglia, which are eolleetions of neuro- 
nal eell bodies outside the CNS. 
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Superior eervieal ganglion 


Sympathetíe trunk 



Phrenie nerve 


Middle eervieal ganglion 


Inferior eervieal ga 



Subclavian artery 


Subclavian vein 


Braehial plexus 


Left braehioeephalie vein 


Left vagus nerve 


Fig. 8.189 Components of the sympathetie nervous system in the root of the neek. 


1035 




























































Head and Neek 



Cervical part of the sympathetie trunk 

The eervieal part o f the sympathetie trimk i s anterior 
to the longus eolli and longus eapitis muscles, and poste- 
rior to the eommon earotid artery in the earotid sheath and 
the internal earotid artery. It is eonneeted to eaeh eervieal 
spinal nerve by a gray ramus communicans (Fig. 8.190). 
There are no white rami communicantes in the eervieal 
region. 

Ganglia 

Three ganglia are usually deseribed along the course of the 
sympathetie trunk in the eervieal region, and in these 
ganglia aseending preganglionie sympathetie fibers from 
upper thoraeie spinal eord levels synapse with postgangli- 
onie sympathetie fibers. The postganglionie sympathetie 
fibers are distributed in branehes from these ganglia. 

Superior eervieal ganglion . A very large superior eervi- 
eal ganglion in the area of eervieal vertebrae CI and CII 
marks the superior extent of the sympathetie trunk (Figs. 
8.189 and 8.190). Its branehes pass to: 


To internal 
earotid plexus 


To earotid body 

and sinus 


To external 
earotid plexus 


Superior eardiae 


nerve 


Gray ramus 


commumcans 


Middle eervieal ganglion 


Inferior eervieal 

ganglion 


Middie eardíae 



Inferior eardiae 

nerve 


Superior eervieal 
ganglion 


Gray rami 



Ansa subclavia 


the internal earotid and external earotid arteries, 

forming plexuses around these vessels, 

eervieal spinal nerves C1 to C4 through gray rami 

eomrminieantes, 

the pharynx, and 

the heart as superior eardiae nerves. 

Middle eervieal ganglion . A seeond ganglion inferior to 
the superior eervieal ganglion along the course of the 
sympathetie trunk (the middle eervieal ganglion) is 
encountered at about the level of eervieal vertebra CVI 
(Figs. 8.189 and 8.190). Branehes from this ganglion 
pass to: 

■ eervieal spinal nerves C5 and C6 through gray rami 
eomrminieantes, and 

the heart as middle eardiae nerves. 

Inferior eervieal ganglion. At the lower end of the eervieal 
part of the sympathetie trunk is another ganglion (the 
inferior eervieal ganglion), which beeomes very large 
when it eombines with the first thoraeie ganglion and 
forms the eervieothoraeie ganglion (stellate gan- 
glion). The inferior eervieal ganglion (Figs. 8.189 and 
8.190) is anterior to the neek of rib I and the transverse 
proeess of eervieal vertebra CVII, and posterior to the first 
part of the subclavian artery and the origin of the verte- 
bral artery. 

Branehes from this ganglion pass to: 

spinal nerves C7 to T1 through gray rami 
eomrminieantes, 

the vertebral artery, forming a plexus assoeiated with 
this vessel, and 

the heart as inferior eardiae nerves. 

This ganglion may also reeeive white rami eomrmini- 
eantes from thoraeie spinal nerve Tl, and oeeasionally, 
from T2. 

Lymphaties 

Thoraeie duct 

The thoraeie duct is a major lymphatie ehannel that 
begins in the abdomen, passes superiorly through the 
thorax, and ends in the venous ehannels in the neek. 
It passes through the lower thoraeie eavity in the 
midline with: 

the thoraeie aorta on the left, 

■ the azygos vein on the right, and 
the esophagus anteriorly. 
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Fig. 8.190 Cervical part of the sympathetie trunk. 
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At about the level of thoraeie vertebra TV the thoraeie 
duct passes to the left and continues to aseend just to the 
left of the esophagus. It passes through the superior medi- 
astinum and enters the root of the neek to the left of the 
esophagus (Fig. 8.191). Arehing laterally, it passes poste- 
rior to the earotid sheath and turns inferiorly in front of 
the thyroeervieal trunk, the phrenie nerve, and the verte- 
bral artery. 


Esophagus 


Traehea 



Subclavian vein 


Phrente nerve 
Internal jugular vein 

Braehial plexus 


Thoraeie duct 


Fig. 8.191 Thoraeie duct in the root of the neek. 


The thoraeie duct terminates in the junction between 
the left internal jugular and the left subclavian veins (Fig. 
8.191). Near its junction with the venous system it is 
joined by: 

the left jugular trunk, which drains lymph from the 
left side of the head and neek, 

the left subclavian trunk, which drains lymph from 
the left upper limb, and 

oeeasionally, the left bronehomediastinal trunk, 

which drains lymph from the left half of the thoraeie 
structures (Fig. 8.192). 

A similar confluence of three lymphatie tmnks occurs 
on the right side of the body. Emptying into the junction 
between the right internal jugular and right subclavian 
veins are: 

the right jugular trunk from the head and neek, 

■ the right subclavian trunk from the right upper 
limb, and 

■ oeeasionally, the right bronehomediastinal trunk 

earrying lymph from the structures in the right half of 
the thoraeie eavity and the right upper intereostal 
spaees (Fig. 8.192). 

There is variability in how these trnnks enter the veins. 
They may eombine into a single right lymphatie duct 
to enter the venous system or enter as three separate 
tranks. 


Right internal jugular vein 


Jugular trunk 


Subclavian trunk 


Right subclavian vein 


Right lymphatie duct 


Right braehioeephalie vein 


Bronehomediastinal trunk 


Superior vena eava 


rnternal jugular vein 
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Left subclavian vein 


Bronehomediastinal trunk 


Left braehioeephalie vein 


Thoraeie duct 


Fig. 8.192 Termination of lymphatie trunks in the root of the neek. 
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Lymphaties of the neek 

A deseription of the organization of the lymphatie system 
in the neek beeomes a summary of the lymphatie system 
in the head and neek. It is impossible to separate the two 
regions. The eomponents of this system include superficial 
nodes around the head, superficial eervieal nodes along the 
external jugular vein, and deep eervieal nodes forming a 
ehain along the internal jugular vein (Fig. 8.193). 


The basie pattern of drainage is for superficial lymphatie 
vessels to drain to the superficial nodes. Some of these 
drain to the superficial eervieal nodes on their way to the 
deep eervieal nodes and others drain direetly to the deep 
eervieal nodes. 

Superfìcial lymph nodes 

Five groups of superficial lymph nodes form a ring around 
the head and are primarily responsible for the lymphatie 




Oeeipìta! nodes 



Jugulodigastríc node 


Soperfieial eervíea! nodes 


Submental nodes 
Submandibular nodes 


Internal jugular vein 


Deep eervieal nodes 


Omohyoid muscle 


Jugulo-omohyoìd node 


External jugular vein 
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Fig. 8.193 Lymphatie system in the neek. 
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drainage of the faee and sealp. Their pattern of drainage is 
very similar to the area of distribution of the arteries near 
their loeation. 

Beginning posteriorly these groups (Fig. 8.193) are: 

oeeipital nodes near the attaehment of the trapezius 
muscle to the skull and assoeiated with the oeeipital 
artery—lymphatie drainage is from the posterior sealp 
and neek; 

mastoid nodes (retro-auricular/posterior auricu- 
lar nodes) posterior to the ear near the attaehment of 
the sternoeleidomastoid imisele and assoeiated with the 
posterior auricular artery—lymphatie drainage is from 
the posterolateral half of the sealp; 
pre-auricular and parotid nodes anterior to the ear 
and assoeiated with the superficial temporal and trans- 
verse faeial arteries—lymphatie drainage is from the 
anterior surface of the auricle, the anterolateral sealp, 
the upper half of the faee, the eyelids, and the eheeks; 
submandibular nodes inferior to the body of the 
mandible and assoeiated with the faeial artery— 
lymphatie drainage is from structures along the path of 
the faeial artery as high as the forehead, as well as the 
gingivae, the teeth, and the tongue; 
submental nodes inferior and posterior to the ehin— 
lymphatie drainage is from the eenter part of the lower 
lip, the ehin, the floor of the mouth, the tip of the 
tongue, and the lower ineisor teeth. 

Lymphatie flow from these superficial lymph nodes 
passes in several direetions: 

Drainage from the oeeipital and mastoid nodes passes to 
the superficial eervieal nodes along the external jugular 
vein. 

■ Drainage from the pre-auricular and parotid nodes, the 
submandibular nodes, and the submental nodes passes 
to the deep eervieal nodes. 

In the elinie 

eiinieal lymphatie drainage of the head and neek 

Enlargement of the neek lymph nodes (eervieal 
lymphadenopathy) is a eommon manifestation of disease 
proeesses that occur in the head and neek. It is also a 
eommon manifestation of diffuse diseases of the body, 
which include lymphoma, sareoidosis, and eertain types 
of viral infeetion such as glandular fever and human 
immunodefìciency virus (HIV) infeetion. 

Evaluation of eervieal lymph nodes is extremely 
important in determining the nature and etiology of 


Superficial eervieal lymph nodes 

The superficial eervieal nodes are a eolleetion of lymph 
nodes along the external jugular vein on the superficial 
surface of the sternoeleidomastoid muscle (Fig. 8.193). 
They primarily reeeive lymphatie drainage from the poste- 
rior and posterolateral regions of the sealp through the 
oeeipital and mastoid nodes, and send lymphatie vessels in 
the direetion of the deep eervieal nodes. 

Deep eervieal lymph nodes 

The deep eervieal nodes are a eolleetion of lymph 
nodes that form a ehain along the internal jugular 
vein (Fig. 8.193). They are divided into upper and lower 
groups where the intermediate tendon of the omohyoid 
muscle erosses the eommon earotid artery and the internal 
jugular vein. 

The most superior node in the upper deep eervieal group 
is the jugulodigastric node (Fig. 8.193). This large node 
is where the posterior belly of the digastrie muscle erosses 
the internal jugular vein and reeeives lymphatie drainage 
from the tonsils and tonsillar region. 

Another large node, usually assoeiated with the lower 
deep eervieal group because it is at or just inferior to the 
intermediate tendon of the omohyoid muscle, is the jugulo- 
omohyoid node (Fig. 8.193). This node reeeives lym- 
phatie drainage from the tongue. 

The deep eervieal nodes eventually reeeive all lymphatie 
drainage from the head and neek either direetly or through 
regional groups of nodes. 

From the deep eervieal nodes, lymphatie vessels form 
the right and left jugular trnnks, which empty into the 
right lymphatie duct on the right side or the thoraeie duct 
on the left side. 


the primary disease proeess that has produced nodal 
enlargement. 

Clinical evaluation includes a general health 
assessment, particularly relating to symptoms from the 
head and neek. Examination of the nodes themselves 
often gives the elinieian a clue as to the nature of the 
pathologieal proeess. 

■ SofLtender, and inflamed lymph nodes suggest an 
acute inflammatory proeess, which is most likely to 
be infeetive. 


(coritinues) 
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ln the elinie—eont'd 

■ Firm multinodular large-volume rubbery nodes often 
suggest a diagnosis of lymphoma. 

Examination should also include careful assessment of 
other nodal regions, including the supraclavicular fossae, 
the axillae, the retroperitoneom, and the inguinal regions. 

Further examination may include digestive traet 
endoseopy, ehest radiography, and body CT seanning. 

Most eervieal lymph nodes are easily palpable and 
suitable for biopsy to establish a tissue diagnosis. Biopsy 
ean be performed using ultrasound for guidance and 
good samples of lymph nodes may be obtained. 

The lymphatie drainage of the neek is somevvhat 
complex, elinieally. A relatively simple "level" system of 
nodal enlargement has been designed that is extremely 
helpful in evaluating lymph node spread of primary head 
and neek tumors. Onee the number of levels of nodes are 
determined, and the size of the lymph nodes, the best 
mode of treatment ean be instituted. This may include 
surgery, radiotherapy, and ehemotherapy. The lymph 
node level also enables a prognosis to be made. 

The levels are as follovvs (Fig. 8.195): 

■ Level I—from the midline of the submental triangle 
up to the level of the submandibular gland. 

■ Level II—from the skull base to the level of the hyoid 
bone anteriorly from the posterior border of the 
sternoeleidomastoid muscle. 

■ Level III—the inferior aspeet of the hyoid bone to the 
bottom erieoid areh and anterior to the posterior 
border of the sternoeleidomastoid up to the midline. 

■ Level IV—from the inferior aspeet of the erieoid to 
the top of the manubrium of the sternum and 
anterior to the posterior border of the 
sternoeleidomastoid muscle. 



VII 


Fig. 8.195 Neek regions (levels) that are used elinieally to 
evaluate lymph nodes. 

■ Level V—posterior to the sternoeleidomastoid 
muscle and anterior to the trapezius muscle above 
the level of the elaviele. 

■ Level VI—belovv the hyoid bone and above the 
jugular (sternal) noteh in the midline. 

■ Level VII—belovv the level of the jugular 
(sternal) noteh. 


PHARYNX 


The pharynx is a musculofascial half-eylinder that links 
the oral and nasal eavities in the head to the larynx and 
esophagus in the neek (Fig. 8 . 194 ). The pharyngeal eavity 
is a eommon pathway for air and food. 

The pharynx is attaehed above to the base of the skull 
and is continuous below, approximately at the level of ver- 
tebra CVI, with the top of the esophagus. The walls of the 
pharynx are attaehed anteriorly to the margins of the nasal 
eavities, oral eavity, and larynx. Based on these anterior 
relationships the pharynx is subdivided into three regions, 
the nasopharynx, oropharynx, and laryngopharynx: 

The posterior apertures (ehoanae) of the nasal eavities 
open into the nasopharynx. 


Nasal eavities 
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Oropharyngeal 

isthmus 


Nasopharynx 

Pharyngea! 


■i 



Soft palate 
Laryngeal inlet 


Laryngopharynx 
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Esophagus 


Fig. 8.194 Pharynx. 
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The posterior opening of the oral eavity (oropharyngeal 
isthmus) opens into the oropharynx. 

The superior aperture of the larynx (laryngeal inlet) 
opens into the laryngopharynx. 

In addition to these openings, the pharyngeal eavity 
is related anteriorly to the posterior one-third of the 
tongue and to the posterior aspeet of the larynx. The pha- 
ryngotympanie tubes open into the lateral walls of the 
nasopharynx. 

Lingual, pharyngeal, and palatine tonsils are on the 
deep surface of the pharyngeal walls. 

The pharynx is separated from the posteriorly posi- 
tioned vertebral column by a thin retropharyngeal spaee 
eontaining loose eonneetive tissue. 

Although the soft palate is generally eonsidered as part 
of the roof of the oral eavity, it is also related to the pharynx. 
The soft palate is attaehed to the posterior margin of the 
hard palate and is a type of “flutter valve” that ean: 

swing up (elevate) to elose the pharyngeal isthmus, and 
seal off the nasopharynx from the oropharynx, and 


swing down (depress) to elose the oropharyngeal 
isthmus and seal off the oral eavity from the 
oropharynx. 

Skeletal framework 

The superior and anterior margins of the pharyngeal wall 
are attaehed to bone and eartilage, and to ligaments. The 
two sides of the pharyngeal wall are welded together pos- 
teriorly in the midline by a vertieally oriented eord-like 
ligament (the pharyngeal raphe). This eonneetive tissue 
structure deseends from the pharyngeal tubercle on the 
base of the skull to the level of eervieal vertebra CVI where 
the raphe blends with eonneetive tissue in the posterior 
wall of the esophagus. 

There is an irregular C-shaped line of pharyngeal wall 
attaehment on the base of the skull (Fig. 8.196). The open 
part of the C faees the nasal eavities. Eaeh arm of the C 
begins at the posterior margin of the medial plate of the 
pterygoid proeess of the sphenoid bone, just inferior to the 
cartilaginous part of the pharyngotympanie tube. The line 
erosses inferior to the pharyngotympanie tube and then 
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Fig. 8.196 Line of attaehment of the pharynx to the base of the skull. 
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passes onto the petrous part of the temporal bone where it 
is just medial to the roughening for the attaehment of one 
of the rmiseles (levator veli palatini) of the soft palate. From 
here, the line swings medially onto the oeeipital bone and 
joins the line from the other side at a prominent elevation 
of bone in the midline (the pharyngeal tubercle). 

Anterior vertieal lineof attaehment for 
the lateral pharyngeal walls 

The vertieal line of attaehment for the lateral pharyngeal 
walls to structures related to the nasal and oral eavities and 
larynx is discontinuous and in three parts (Fig. 8.197). 

First part 

On eaeh side, the anterior line of attaehment of the lateral 
pharyngeal wall begins superiorly on the posterior edge of 
the medial pterygoid plate of the sphenoid bone just infe- 
rior to where the pharyngotympanie tube lies against this 
plate. It continues inferiorly along the edge of the medial 
plate of the pterygoid proeess and onto the pterygoid 
hamulus. From this point, the line deseends along the pter- 
ygomandibular raphe to the mandible where this part of 
the line terminates. 

The pterygomandibiilar raphe is a linear eord-like 
eonneetive tissue ligament that spans the distanee between 
the tip of the pterygoid hamulus and a triangular roughen- 
ing immediately posterior to the third molar on the 

Medial plate 



Fig. 8.197 Attaehments of the lateral pharyngeal wall. 


mandible. It joins a muscle of the lateral pharyngeal wall 
(superior eonstrietor) with a muscle of the lateral wall of 
the oral eavity (buccinator). 

Seeond part 

The seeond part of the line of attaehment of the lateral 
pharyngeal wall is related to the hyoid bone. It begins on 
the lower aspeet of the stylohyoid ligament, which eon- 
neets the tip of the styloid proeess of the temporal bone to 
the lesser horn of the hyoid bone. The line continues 
onto the lesser horn and then turns and runs posteriorly 
along the entire upper surface of the greater horn of the 
hyoid where it terminates. 

Third part 

The most inferior and third part of the line of attaehment 
of the lateral pharyngeal wall begins superiorly on the 
superior tubercle of the thyroid eartilage, and deseends 
along the oblique line to the inferior tubercle. 

From the inferior tubercle, the line of attaehment eon- 
tinues over the erieothyroid muscle along a tendinous 
thiekening of faseia to the erieoid eartilage where it 
terminates. 

Pharyngeal wall 

The pharyngeal wall i s formed by skeletal muscles and by 
faseia. Gaps between the muscles are reinforeed by the 
faseia and provide routes for structures to pass through 
the wall. 

Musdes 

The muscles of the pharynx are organized into two groups 
based on the orientation of rmisele fibers. 

The eonstrietor muscles have fibers oriented in a circu- 
lar direetion relative to the pharyngeal wall, whereas the 
longitudinal muscles have fibers oriented vertieally. 

Constrictor miiseles 

The three eonstrietor muscles on eaeh side are major 
contributors to the structure of the pharyngeal wall 
(Fig. 8.198 and Table 8.17) and their names indieate 
their position— superior, middle, and inferior eonstrie- 
tor muscles. Posteriorly, the muscles from eaeh side are 
joined together by the pharyngeal raphe. Anteriorly, these 
muscles attaeh to bones and ligaments related to the lateral 
margins of the nasal and oral eavities and the larynx. 

The eonstrietor muscles overlap eaeh other in a fashion 
resembling the walls of three flower pots staeked one on 
the other. The inferior eonstrietors overlap the lower 
margins of the middle eonstrietors and, in the same way, 
the middle eonstrietors overlap the superior eonstrietors. 
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Position of palatopharyngeal sphineter 
on deep surface of superior eonstrietor 



A 



Esophagus - 
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Pharyngeal faseia 
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Inferior eonstrietor 


Pharyngeal 
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proeess 


Stylohyoid 

ligament 


Stylopharyngeus 
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Fig. 8.198 Constrictor muscles of the pharynx. A. Lateral view. B. Posterior view. 


Table 8.17 Constrictor muscles of the pharynx 


Musde 

Posterior attaehment 

Anterior attaehment 

Innervation 

Function 

Superior eonstrietor 

Pharyngeal raphe 

Pterygomandibular raphe and adjaeent bone 
on the mandible and pterygoid hamulus 

Vagus nerve [X] 

Constriction of pharynx 

Middle eonstrietor 

Pharyngeal raphe 

llpper margin of greater horn of hyoid bone 
and adjaeent margins of lesser horn and 
stylohyoid ligament 

Vagus nerve [X] 

Constriction of pharynx 

Inferior eonstrietor 

Pharyngeal raphe 

Cricoid eartilage, oblique line of thyroid 
eartilage, and a ligament that spans between 
these attaehments and erosses the 
erieothyroid muscle 

Vagus nerve [X] 

Constriction of pharynx 


Collectively, the muscles eonstriet or narrow the pha- 
ryngeal eavity. 

When the eonstrietor muscles eontraet sequentially 
from top to bottom, as in swallowing, they move a bolus of 
food through the pharynx and into the esophagus. 

All of the eonstrietors are innervated by the pharyngeal 
braneh of the vagus nerve [X]. 

Superior eonstrietors 

The superior eonstrietor muscles together braeket the 
upper part of the pharyngeal eavity (Fig. 8.198). 


Eaeh imisele is attaehed anteriorly to the pterygoid 
hamulus, pterygomandibular raphe, and adjaeent bone of 
the mandible. From these attaehments, the muscle fans out 
posteriorly and joins with its partner muscle from the other 
side at the pharyngeal raphe. 

A speeial band of imisele (the palatopharyngeal 
sphineter) originates from the anterolateral surface of 
the soft palate and eireles the inner aspeet of the pharyn- 
geal wall, blending with the inner aspeet of the superior 
eonstrietor. 
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When the siiperior eonstrietor eonstriets during swal- 
lowing, it forms a prominent ridge on the deep aspeet of 
the pharyngeal wall that eatehes the margin of the ele- 
vated soft palate, which then seals elosed the pharyngeal 
isthmus between the nasopharynx and oropharynx. 

Middle eonstrietors 

The middle eonstrietor muscles are attaehed to the lower 
aspeet of the stylohyoid ligament, the lesser horn of the 
hyoid bone, and the entire upper surface of the greater 
horn of the hyoid (Fig. 8.198). 

Like the superior eonstrietors, the middle eonstrietor 
muscles fan out posteriorly and attaeh to the pharyngeal 
raphe. 

The posterior part of the middle eonstrietors overlaps 
the superior eonstrietors. 

Inferior eonstrietors 

The inferior eonstrietor muscles attaeh anteriorly to 
the oblique line of the thyroid eartilage, the erieoid 


eartilage, and a ligament that spans between these two 
attaehments to eartilage and erosses the erieothyroid 
nrnsele (Fig. 8.198). 

Like the other eonstrietor muscles, the inferior eonstrie- 
tor muscles spread out posteriorly and attaeh to the pha- 
ryngeal raphe. 

The posterior part of the inferior eonstrietors overlaps 
the middle eonstrietors. Inferiorly, the imisele fibers blend 
with and attaeh into the wall of the esophagus. 

The parts of the inferior eonstrietors attaehed to the 
erieoid eartilage braeket the narrowest part of the pharyn- 
geal eavity. 

LongitudinaI mnseles 

The three longitudinal muscles of the pharyngeal wall 
(Fig. 8.199 and Table 8.18) are named aeeording to their 
origins— stylopharyngeus from the styloid proeess of the 
temporal bone, salpingopharyngeus from the eartilagi- 
nous part of the pharyngotympanie tube (salpinx is Greek 
for U tube”), and palatopharyngeus from the soft palate. 
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Fig. 8.199 Longitudinal muscles of the pharynx. A. Stylopharyngeus muscle. B. Medial view. 
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Table 8.18 Longitudinal muscles of the pharynx 


Musde 

Origin 

Insertion 

Innervation 

Function 

Stylopharyngeus 

Medial side of base of styloid 
proeess 

Pharyngeal wall 

Glossopharyngeal 
nerve [IX] 

Elevation of the pharynx 

Salpingopharyngeus 

Inferior aspeet of pharyngeal end 
of pharyngotympanie tube 

Pharyngeal wall 

Vagus nerve [X] 

Elevation of the pharynx 

Palatopharyngeus 

llpper surface of palatine 
aponeurosis 

Pharyngeal wall 

Vagus nerve [X] 

Elevation of the pharynx; closure 
of the oropharyngeal isthmus 


From their sites of origin, these muscles deseend and attaeh 
into the pharyngeal wall. 

The longitudinal muscles elevate the pharyngeal wall, 
or during swallowing, pull the pharyngeal wall up and over 
a bolus of food being moved through the pharynx and into 
the esophagus. 

Stylopharyngeus 

The eylindrieal stylopharyngeus imisele (Fig. 8.199A) 
originates from the base of the medial surface of the styloid 
proeess of the temporal bone and deseends between the 
superior and middle eonstrietor muscles to fan out on, and 
blend with, the deep surface of the pharyngeal wall. It is 
innervated by the glossopharyngeal nerve [IX]. 

Salpingopharyngeus 

The salpingopharyngeus (Fig. 8.199B) is a small muscle 
originating from the inferior aspeet of the pharyngotym- 
panie tube, deseending on, and blending into, the deep 
surface of the pharyngeal wall. It is innervated by the 
vagus nerve [X]. 

Palatopharyngeus 

The palatopharyngeus (Fig. 8.199B), in addition to being 
a nrnsele of the pharynx, is also a muscle of the soft palate 
(see p. 1048). It is attaehed to the upper surface of the 
palatine aponeurosis, and passes posteriorly and inferiorly 
to blend with the deep surface of the pharyngeal wall. 

The palatopharyngeus forms an important fold in the 
overlying imieosa (the palatopharyngeal areh). This 


areh is visible through the oral eavity and is a landmark 
for fìnding the palatine tonsil, which is immediately ante- 
rior to it on the oropharyngeal wall. 

In addition to elevating the pharynx, the palatopharyn- 
geus partieipates in elosing the oropharyngeal isthmus by 
depressing the palate and moving the palatopharyngeal 
fold toward the midline. 

The palatopharyngeus is innervated by the vagus nerve 
[X]. 


The pharyngeal faseia is separated into two layers, which 
sandwich the pharyngeal muscles between them: 

A thin layer (buccopharyngeal faseia) eoats the 
outside of the muscular part of the wall and is a 
eomponent of the pretraeheal layer of eervieal faseia 
(see p. 1002). 

■ A much thieker layer (pharyngobasilar faseia) lines 
the inner surface. 

The faseia reinforees the pharyngeal wall where muscle 
is defieient. This is particularly evident above the level of 
the superior eonstrietor where the pharyngeal wall is 
formed almost entirely of faseia (Fig. 8.199). This part of 
the wall is reinforeed externally by muscles of the soft 
palate (tensor and levator veli palatini). 


Faseia 
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Gaps in the pharyngeal wall and structures 
passing through them 

Gaps between miiseles of the pharyngeal wall provide 
important routes for muscles and neurovascular tissues 

(Fig. 8.200). 

Above the margin of the superior eonstrietor, the pha- 
ryngeal wall is defieient in muscle and eompleted by pha- 
ryngeal faseia. 

The tensor and levator veli palatini muscles of the soft 
palate initially deseend from the base of the skull and are 
lateral to the pharyngeal faseia. In this position, they rein- 
foree the pharyngeal wall: 


(Fig. 8.200). This triangular-shaped gap (oropharyngeal 
triangle) not only enables the stylopharyngeus to slip into 
the pharyngeal wall, but also allows muscles, nerves, and 
vessels to pass between regions lateral to the pharyngeal 
wall and the oral eavity, particularly to the tongue. 

The gap between the middle and inferior eonstrietor 
muscles allows the internal laryngeal vessels and nerve 
aeeess to the aperture in the thyrohyoid membrane to enter 
the larynx. 

The recurrent laryngeal nerves and aeeompanying infe- 
rior laryngeal vessels enter the larynx posterior to the infe- 
rior horn of the thyroid eartilage deep to the inferior 
margin of the inferior eonstrietor muscle. 


■ The levator veli palatini passes through the pharyngeal 
faseia inferior to the pharyngotympanie tube and 
enters the soft palate. 

The tendon of the tensor veli palatini turns medially 
around the pterygoid hamulus and passes through the 
origin of the buccinator rmisele to enter the soft palate. 

One of the largest and most important apertures in the 
pharyngeal wall is between the superior and middle eon- 
strietor muscles of the pharynx and the posterior border of 
the mylohyoid muscle, which forms the floor of the mouth 
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Fig. 8.200 Gaps betvveen muscles in the pharyngeal vvall. 


Nasopharynx 

The nasopharynx is behind the posterior apertures 
(ehoanae) of the nasal eavities and above the level of the 
soft palate (Fig. 8.201). Its eeiling is formed by the sloping 
base of the skull and eonsists of the posterior part of the 
body of the sphenoid bone and the basal part of the oeeipi- 
tal bone. The eeiling and lateral walls of the nasopharynx 
form a domed vault at the top of the pharyngeal eavity that 
is always open. 

The eavity of the nasopharynx is continuous below 
with the eavity of the oropharynx at the pharyngeal 
isthmus. The position of the pharyngeal isthmus is marked 
on the pharyngeal wall by a mucosal fold caused by the 
underlying palatopharyngeal sphineter, which is part of 
the superior eonstrietor muscle. 

Elevation of the soft palate and eonstrietion of the pala- 
topharyngeal sphineter eloses the pharyngeal isthmus 
during swallowing and separates the nasopharynx from 
the oropharynx. 

There is a large eolleetion of lymphoid tissue (the pha- 
ryngeal tonsil) in the mucosa eovering the roof of the 
nasopharynx. Enlargement of this tonsil, known then as 
adenoids, ean occlude the nasopharynx so that breathing 
is only possible through the oral eavity (Fig. 8.201 A). 

The most prominent features on eaeh lateral wall of the 
nasopharynx are: 

the pharyngeal opening of the pharyngotympanie tube, 

and 

mucosal elevations and folds eovering the end of the 

pharyngotympanie tube and the adjaeent muscles. 

The opening of the pharyngotympanie tube is posterior 
to and slightly above the level of the hard palate, and lateral 
to the top of the soft palate (Fig. 8.201A). 

Because the pharyngotympanie tube projeets into the 
nasopharynx from a posterolateral direetion, its posterior 
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Fig. 8.201 Mucosal features of the pharynx. A. Lateral view. B. Posterior view with the pharyngeal wall opened. C. Superior view 
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rim forms an elevation or bulge on the pharyngeal wall. 
Posterior to this tubal elevation (torus tubarius) is a deep 
reeess (pharyngeal reeess) (Fig. 8.201A). 

Mucosal folds related to the pharyngotympanie tube 
include: 

the small vertieal salpingopharyngeal fold, which 
deseends from the tubal elevation and overlies the sal- 
pingopharyngeus muscle, and 

a broad fold or elevation (torus levatorhis) that 
appears to emerge í’rom just under the opening of the 
pharyngotympanie tube, continues medially onto the 
upper surface of the soft palate, and overlies the levator 
veli palatini muscle. 

Oropharynx 

The oropharynx is posterior to the oral eavity, inferior to 
the level of the soft palate, and superior to the upper margin 
of the epiglottis (Fig. 8.201). The palatoglossal folds 
(arehes), one on eaeh side, that eover the palatoglossal 
muscles, mark the boundary between the oral eavity and 
the oropharynx. The arehed opening between the two folds 
is the oropharyngeal isthmus. Just posterior and medial to 
these folds are another pair of folds (arehes), the palato- 
pharyngeal folds, one on eaeh side, that overlie the palato- 
pharyngeus muscles. 

The anterior wall of the oropharynx inferior to the oro- 
pharyngeal isthmus is formed by the upper part of the 
posterior one-third or pharyngeal part of the tongue. Large 
eolleetions of lymphoid tissue (the lingual tonsils) are in 
the mucosa eovering this part of the tongue. A pair of 
mucosal pouches (valleculae), one on eaeh side of the 
midline, between the base of the tongue and epiglottis, are 
depressions formed between a midline mucosal fold and 
two lateral folds that eonneet the tongue to the epiglottis. 

The palatine tonsils are on the lateral walls of the oro- 
pharynx. On eaeh side, there is a large ovoid eolleetion of 
lymphoid tissue in the mucosa lining the superior eonstrie- 
tor muscle and between the palatoglossal and palatopha- 
ryngeal arehes. The palatine tonsils are visible through the 
oral eavity just posterior to the palatoglossal folds. 

When holding liquid or solids in the oral eavity, the 
oropharyngeal isthmus is elosed by depression of the 
soft palate, elevation of the baek of the tongue, and 
movement toward the midline of the palatoglossal and 


palatopharyngeal folds. This allows a person to breathe 
while chewing or manipulating material in the oral eavity. 

On swallowing, the oropharyngeal isthmus is opened, 
the palate is elevated, the laryngealeavity is elosed, and the 
food or liquid is direeted into the esophagus. A person 
eannot breathe and swallow at the same time because the 
airway is elosed at two sites, the pharyngeal isthmus and 
the larynx. 

Laryngopharynx 

The laryngopharynx extends from the superior margin of 
the epiglottis to the top of the esophagus at the level of 
vertebra CVI (Fig. 8.201). 

The laryngeal inlet opens into the anterior wall of the 
laryngopharynx. Inferior to the laryngeal inlet, the ante- 
rior wall eonsists of the posterior aspeet of the larynx. 

There is another pair of imieosal reeesses (piriform 
fossae) between the eentral part of the larynx and the 
more lateral lamina of the thyroid eartilage. The piriform 
fossae form ehannels that direet solids and liquids from the 
oral eavity around the raised laryngeal inlet and into the 
esophagus. 

Tonsils 

Collections of lymphoid tissue in the mucosa of the pharynx 
surrounding the openings of the nasal and oral eavities are 
part of the body’s defense system. The largest of these eol- 
leetions form distinet masses (tonsils). Tonsils occur 
mainly in three areas (Fig. 8.201): 

The pharyngeal tonsil, known as adenoids when 
enlarged, is in the midline on the roof of the 
nasopharynx. 

The palatine tonsils are on eaeh side of the oropharynx 
between the palatoglossal and palatopharyngeal arehes 
just posterior to the oropharyngeal isthmus. (The pala- 
tine tonsils are visible through the open mouth of a 
patient when the tongue is depressed.) 

The lingual tonsils refer eolleetively to numerous lym- 
phoid nodules on the posterior one-third of the tongue. 

Small lymphoid nodules also occur in the pharyngotym- 
panie tube near its opening into the nasopharynx, and on 
the upper surface of the soft palate. 
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Vessels 

Arteries 

Numerous vessels supply the pharyngeal wall (Fig. 8.202). 
Arteries that supply upper parts of the pharynx include: 

the aseending pharyngeal artery, 

the aseending palatine and tonsillar branehes of the 

faeial artery, and 

numerous branehes of the maxillary and the lingual 
arteries. 


All these vessels are from the external earotid artery. 

Arteries that supply the lower parts of the pharynx 
include pharyngeal branehes from the inferior thyroid 
artery, which originates from the thyroeervieal trunk of 
the subclavian artery. 

The major blood supply to the palatine tonsil is from the 
tonsillar braneh of the faeial artery, which penetrates the 
superior eonstrietor muscle. 
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Fig. 8.202 Arterial supply of the pharynx. 
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Veins 

Veins of the pharynx form a plexus, which drains superi- 
orly into the pterygoid plexus in the infratemporal fossa, 
and inferiorly into the faeial and internal jugular veins 

(Fig. 8.203). 

Lymphaties 

Lymphatie vessels from the pharynx drain into the deep 
eervieal nodes and include retropharyngeal (between 


the nasopharynx and vertebral column), paratraeheal, 
and infrahyoid nodes (Fig. 8.203). 

The palatine tonsils drain through the pharyngeal wall 
into the jugulodigastric nodes in the region where the 
faeial vein drains into the internal jugular vein (and infe- 
rior to the posterior belly of the digastrie muscle). 



Internat jugular vein 


Faeial vein 


Retropharyngeal nodes 

Jugulodigastric node 
Retromandibular vein 


Retromandibu!ar vein 


Paratraeheal nodes 

Externa! jugular vein 
Subclavian vein 


Pterygoid plexus 


Superficial temporal vein 


1050 


Fig. 8.203 Venous and lymphatie drainage of the pharynx. 
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Nerves 

Motor and most sensory innervation (except for the nasal 
region) of the pharynx is mainly through branehes of 
the vagus [X] and glossopharyngeal [IX] nerves, which 
form a plexus in the outer faseia of the pharyngeal wall 

(Fig. 8.204A). 

The pharyngeal plexus is formed by: 

the pharyngeal braneh of the vagus nerve [X], 
branehes from the external laryngeal nerve from 
the superior laryngeal braneh of the vagus nerve 
[X], and 

■ pharyngeal branehes of the glossopharyngeal 
nerve [IX]. 

The pharyngeal braneh of the vagus nerve [X] 

originates from the upper part of its inferior ganglion 
above the origin of the superior laryngeal nerve and is the 
major motor nerve of the pharynx. 

All muscles of the pharynx are innervated by the vagus 
nerve [X] mainly through the pharyngeal plexus, except 


for the stylopharyngeus, which is innervated direetly by a 
braneh of the glossopharyngeal nerve [IX] (Fig. 8.204B). 

Eaeh subdivision of the pharynx has a different sensory 
innervation: 

The nasopharynx is innervated by a pharyngeal braneh 
of the maxillary nerve [V 2 ] that originates in the ptery- 
gopalatine fossa and passes through the palatovaginal 
eanal in the sphenoid bone to reaeh the roof of the 
pharynx. 

■ The oropharynx is innervated by the glossopharyngeal 
nerve [IX] via the pharyngeal plexus. 

■ The laryngopharynx is innervated by the vagus nerve 
[X] via the internal braneh of the superior laryngeal 
artery. 

Glossopharyngeal nerve [IX] 

The glossopharyngeal nerve [IX] is related to the pharynx 
throughout most of its course outside the eranial eavity. 

After exiting the skull through the jugular foramen, the 
glossopharyngeal nerve [IX] deseends on the posterior 
surface of the stylopharyngeus muscle (Fig. 8.204B), 
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Fig. 8.204 Innervation of the pharynx. A. Lateral view. B. Posterior view showing innervation of stylopharyngeus muscle. 
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passes onto the lateral surface of the stylopharyngeus, and 
then passes anteriorly through the gap (oropharyngeal tri- 
angle) between the superior eonstrietor, middle eonstrietor, 
and mylohyoid muscles to eventually reaeh the posterior 
aspeet of the tongue. 

As the glossopharyngeal nerve [IX] passes under the 
free edge of the superior eonstrietor, it is just inferior to the 
palatine tonsil lying on the deep surface of the superior 
eonstrietor. 

Pharyngeal branehes to the pharyngeal plexus and a 
motor braneh to the stylopharyngeus muscle are among 
branehes that originate from the glossopharyngeal nerve 
[IX] in the neek. Because sensory innervation of the oro- 
pharynx is by the glossopharyngeal nerve [IX], this nerve 
earries sensory innervation from the palatine tonsil and is 
also the afferent limb of the gag reflex (see “In the elinie” 
on pg. 901). 


LARYNX 

The larynx is a hollow musculoligamentous structure 
with a cartilaginous framework that eaps the lower respi- 
ratory traet. 

The eavity of the larynx is continuous below with the 
traehea, and above opens into the pharynx immediately 
posterior and slightly inferior to the tongue and the poste- 
rior opening (oropharyngeal isthmus) of the oral eavity 

(Fig. 8.205A,B). 

The larynx is both a valve (or sphineter) to elose the 
lower respiratory traet, and an instrument to produce 
sound. It is eomposed of: 

three large unpaired eartilages (erieoid, thyroid, and 
epiglottis), 
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Fig. 8.205 Larynx. A. Relationship to other eavities. B. Lateral view. 
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three pairs of smaller eartilages (arytenoid, corniculate, 
and cuneiform), and 

a fibro-elastie membrane and numerous intrinsie 
muscles. 

The larynx is suspended from the hyoid bone above and 
attaehed to the traehea below by membranes and liga- 
ments. It is highly mobile in the neek and ean be moved up 
and down and forward and backward by the aetion of 
extrinsic imiseles that attaeh either to the larynx itself or 
to the hyoid bone. 

During swallowing, the dramatie upward and forward 
movements of the larynx faeilitate elosing the laryngeal 
inlet and opening the esophagus. 

Motor and sensory innervation of the larynx is provided 
by the vagus nerve [X]. 

Laryngeal eartilages 

Cricoid eartilage 

The erieoid eartilage is the most inferior of the laryngeal 
eartilages and eompletely eneireles the airway (Fig. 


8.206). It is shaped like a signet ring with a broad 

lamina of erieoid eartilage posterior to the airway and 
a much narrower areh of erieoid eartilage eireling 
anteriorly. 

The posterior surface of the lamina is eharaeterized 
by two shallow oval depressions separated by a vertieal 
ridge. The esophagus is attaehed to the ridge and the 
depressions are for attaehment of the posterior erieo- 
arytenoid muscles. 

The erieoid eartilage has two articular faeets on eaeh 
side for articulation with other laryngeal eartilages: 

■ One faeet is on the sloping superolateral surface of the 
lamina and articulates with the base of an arytenoid 
eartilage. 

The other faeet is on the lateral surface of the lamina 
near its base and is for articulation with the medial 
surface of the inferior horn of the thyroid eartilage. 
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Fig. 8.206 Cricoid eartilage. A. Anterolateral view. B. Posterior view. 
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Thyroid eartilage 

The thyroid eartilage (Fig. 8.207) is the largest of the 
laryngeal eartilages. It is formed by a right and a left 
lamina, which are widely separated posteriorly, but eon- 
verge and join anteriorly. The most superior point of the 
site of fusion between the two broad flat laminae projeets 
forward as the laryngeal prominenee (Adam’s apple). 
The angle between the two laminae is more acute in men 
(90°) than in women (120°) so the laryngeal prominenee 
is more apparent in men than women. 

Just superior to the laryngeal prominenee, the superior 
thyroid noteh separates the two laminae as they diverge 
laterally. Both the superior thyroid noteh and the laryngeal 
prominenee are palpable landmarks in the neek. There is a 
less distinet inferior thyroid noteh in the midline along 
the base of the thyroid eartilage. 

The posterior margin of eaeh lamina of the thyroid 
eartilage is elongated to form a superior horn and an 
inferior horn: 


The medial surface of the inferior horn has a faeet for 
articulation with the erieoid eartilage. 

The superior horn is eonneeted by a lateral thyrohy- 
oid ligament to the posterior end of the greater horn 
of the hyoid bone. 

The lateral surface of eaeh thyroid lamina is marked by 
a ridge (the oblique line), which curves anteriorly from 
the base of the superior horn to a little short of midway 
along the inferior margin of the lamina. 

The ends of the oblique line are expanded to form 
superior and inferior thyroid tubercles. The oblique 
line is a site of attaehment for the extrinsic muscles 
of the larynx (sternothyroid, thyrohyoid, and inferior 
eonstrietor). 
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Fig. 8.207 Thyroid eartilage. A. Anterolateral view. B. Superior view. 
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Epiglottis 

The epiglottis is a leaf-shaped eartilage attaehed by its stem 
to the posterior aspeet of the thyroid eartilage at the angle 
(Fig. 8.208) and projeets posterosuperiorly from its attaeh- 
ment to the thyroid eartilage. The attaehment is via the 
thyro-epiglottie ligament in the midline approximately 
midway between the laryngeal prominenee and the infe- 
rior thyroid noteh. The upper margin of the epiglottis is 
behind the pharyngeal part of the tongue. 

The inferior half of the posterior surface of the epiglottis 
is raised slightly to form an epiglottie tubercle. 

Arytenoid eartilages 

The two arytenoid eartilages are pyramid-shaped earti- 
lages with three surfaces, a base of arytenoid eartilage 
and an apex of arytenoid eartilage (Fig. 8.209): 

The base is eoneave and articulates with the sloping 
articular faeet on the superolateral surface of the lamina 
of erieoid eartilage. 

■ The apex articulates with a corniculate eartilage. 

The medial surface of eaeh eartilage faees the other. 
The anterolateral surface has two depressions, sepa- 
rated by a ridge, for rmisele (voealis) and ligament (ves- 
tibular ligament) attaehment. 
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Fig. 8.208 Epiglottis. A. Anterolateral view. B. Posterior surface 


The anterior angle of the base is elongated into a voeal 
proeess to which the voeal ligament is attaehed. The 
lateral angle is similarly elongated into a muscular proeess 
for attaehment of the posterior and lateral erieo-arytenoid 
imiseles. 
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Fig. 8.209 Arytenoid eartilages. 
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Corniculate 

The eornieiilate eartilages (Fig. 8.210) are two small 
eonieal eartilages whose bases articulate with the apiees of 
the arytenoid eartilages. Their apiees projeet posteromedi- 
ally toward eaeh other. 

Cuneiform 

These two small club-shaped eartilages (Fig. 8.210) lie 
anterior to the corniculate eartilages and are suspended in 
the part of the fibro-elastie membrane of the larynx that 
attaehes the arytenoid eartilages to the lateral margin of 
the epiglottis. 

Extrinsic ligaments 

Thyrohyoid membrane 

The thyrohyoid membrane is a tough fibro-elastie ligament 
that spans between the superior margin of the thyroid 


eartilage below and the hyoid bone above (Fig. 8.21 1). It is 
attaehed to the superior margin of the thyroid laminae and 
adjaeent anterior margins of the superior horns, and 
aseends medial to the greater horns and posterior to the 
body of the hyoid bone to attaeh to the superior margins 
of these structures. 

An aperture in the lateral part of the thyrohyoid mem- 
brane on eaeh side is for the superior laryngeal artery, the 
internal braneh of the superior laryngeal nerve, and 
lymphaties. 

The posterior borders of the thyrohyoid membrane are 
thiekened to form the lateral thyrohyoid ligaments. The 
membrane is also thiekened anteriorly in the midline to 
form the median thyrohyoid ligament. 

Oeeasionally, there is a small eartilage (tritieeal earti- 
lage) in eaeh lateral thyrohyoid ligament. 
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Fig. 8.211 Extrinsic ligaments of the larynx. 
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Fig. 8.210 Corniculate and cuneiform eartilages. 
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Hyo-epiglottie ligament 

The hyo-epiglottie ligament (Fig. 8.211) extends from the 
midline of the epiglottis, anterosuperiorly to the body of 
the hyoid bone. 

Cricotracheal ligament 

The erieotraeheal ligament (Fig. 8.211) runs from the 
lower border of the erieoid eartilage to the adjaeent upper 
border of the fìrst traeheal eartilage. 

intrinsie lígaments 

Fibro-elastie membrane of the larynx 

The fibro-elastie membrane of the larynx links together the 
laryngeal eartilages and eompletes the architectural frame- 
work of the laryngeal eavity. It is eomposed of two parts— 
a lower erieothyroid ligament and an upper quadrangular 
membrane. 

Cricothyroid ligament (erieovoeal membrane, 
erieothyroid membrane) 

The erieothyroid ligament (Fig. 8.212) is attaehed to the 
areh of erieoid eartilage and extends superiorly to end in a 
free upper margin within the spaee enelosed by the thyroid 
eartilage. On eaeh side, this upper free margin attaehes: 

anteriorly to the thyroid eartilage, and 

posteriorly to the voeal proeesses of the arytenoid 

eartilages. 

The free margin between these two points of attaeh- 
ment is thiekened to form the voeal ligament, which is 
under the voeal fold (true voeal eord) of the larynx. 

The erieothyroid ligament is also thiekened anteriorly in 
the midline to form a distinet median erieothyroid 



Voeal ligament 


Cricothyroid ligament 


Median erieothyroid ligament 


Fig. 8.212 Cricothyroid ligament. 


ligament, which spans the distanee between the areh of 
erieoid eartilage and the inferior thyroid noteh and adja- 
eent deep surface of the thyroid eartilage up to the attaeh- 
ment of the voeal ligaments. 

In emergeney situations, when the airway is bloeked 
above the level of the voeal folds, the median erieothyroid 
ligament ean be perforated to establish an airway. Except 
for small vessels and the oeeasional presenee of a pyrami- 
dal lobe of the thyroid gland, normally there are few struc- 
tures between the median erieothyroid ligament and skin. 
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Quadrangular membrane 

The quadrangular membrane on eaeh side mns between 
the lateral margin of the epiglottis and the anterolateral 
surface of the arytenoid eartilage on the same side (Fig. 
8.213). It is also attaehed to the corniculate eartilage, 
which articulates with the apex of arytenoid eartilage. 

Eaeh quadrangular membrane has a free upper margin, 
between the top of the epiglottis and the corniculate earti- 
lage, and a free lower margin. The free lower margin is 
thiekened to form the vestibular ligament under the ves- 
tibular fold (false voeal eord) of the larynx. 

The vestibular ligament is attaehed posteriorly to the 
superior depression on the anterolateral surface of the ary- 
tenoid eartilage and anteriorly to the thyroid angle just 
superior to the attaehment of the voeal ligament. 

On eaeh side, the vestibular ligament of the quadrangu- 
lar membrane is separated from the voeal ligament of the 
erieothyroid ligament below by a gap. Because the vestibu- 
lar ligament attaehes to the anterolateral surface of the 
arytenoid eartilage and the voeal ligament attaehes to the 
voeal proeess of the same eartilage, the vestibular ligament 



Quadrangular 

membrane 



Corniculate eartilage 


Aryìenoid eartilage 


Vestibular ligament (cut away) 


is lateral to the voeal ligament when viewed from above 

(Fig. 8.214). 

Laryngeal joints 

Cricothyroid joints 

The joints between the inferior horns of the thyroid earti- 
lage and the erieoid eartilage, and between the erieoid 
eartilage and arytenoid eartilages are synovial. Eaeh is sur- 
rounded by a capsule and is reinforeed by assoeiated liga- 
ments. The erieothyroid joints enable the thyroid eartilage 
to move forward and tilt downward on the erieoid eartilage 
(Fig. 8.215). 


Quadrangular membrane 


Vestibalar 


Cricothyroid ligament 


Voeal proeess of arytenoid 




Muscular proeess 
of arytenoid 


Corniculate eartilage 


Fig. 8.214 Fibro-elastie membrane of the larynx (superior view). 


Voeal ligament 



Cricothyroid joint 


Fig. 8.213 Quadrangular membrane. 


Fig. 8.215 Movements of the erieothyroid joints. 
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Because the voeal ligaments pass between the posterior 
aspeet of the thyroid angle and the arytenoid eartilages 
that sit on the lamina of erieoid eartilage, forward move- 
ment and downward rotation of the thyroid eartilage on 
the erieoid eartilage effeetively lengthens and puts tension 
on the voeal ligaments. 

Crico-arytenoid joints 

The erieo-arytenoid joints between articular faeets on the 
superolateral surfaces of the erieoid eartilage and the bases 
of the arytenoid eartilages enable the arytenoid eartilages 
to slide away or toward eaeh other and to rotate so that the 
voeal proeesses pivot either toward or away from the 
midline. These movements abduct and adduct the voeal 
ligaments (Fig. 8.216). 


Cavity of the larynx 

The eentral eavity of the larynx (Fig. 8.21 7) is tubular and 
lined by mucosa. Its architectural support is provided by 
the fibro-elastie membrane of the larynx and by the laryn- 
geal eartilages to which it is attaehed. 

The superior aperture of the eavity (laryngeal inlet) 
opens into the anterior aspeet of the pharynx just below 
and posterior to the tongue (Fig. 8.217A): 

Its anterior border is formed by mucosa eovering the 
superior margin of the epiglottis. 

Its lateral borders are formed by mucosal folds (ary- 
epiglottie folds), which enelose the superior margins 



Fig. 8.216 Movements of the erieo-arytenoid joints. 


of the quadrangular membranes and adjaeent soft 
tissues, and two tubercles on the more posterolateral 
margin of the laryngeal inlet on eaeh side mark the 
positions of the underlying cuneiform and corniculate 
eartilages. 

Its posterior border in the midline is formed by a mucosal 
fold that forms a depression (interarytenoid noteh) 
between the two corniculate tubercles. 

The inferior opening of the laryngeal eavity is continu- 
ous with the himen of the traehea, is eompletely eneireled 
by the erieoid eartilage, and is horizontal in position unlike 
the laryngeal inlet, which is oblique and points posterosu- 
periorly into the pharynx. In addition, the inferior opening 
is continuously open, whereas the laryngeal inlet ean be 
elosed by downward movement of the epiglottis. 

Division into three major regions 

Two pairs of mucosal folds, the vestibular and voeal folds, 
which projeet medially from the lateral walls of the laryn- 
geal eavity, eonstriet it and divide it into three major 
regions—the vestibule, a middle ehamber, and the infra- 
glottie eavity (Fig. 8.217B): 

The vestibide is the upper ehamber of the laryngeal 
eavity between the laryngeal inlet and the vestibular 
folds, which enelose the vestibular ligaments and assoei- 
ated soft tissues. 

The middle part of the laryngeal eavity is very thin and 
is between the vestibular folds above and the voeal folds 
below. 

The infraglottie spaee is the most inferior ehamber of 
the laryngeal eavity and is between the voeal folds 
(which enelose the voeal ligaments and related soft 
tissues) and the inferior opening of the larynx. 

Laryngeal ventrides and saccules 

On eaeh side, themucosa of the middle eavity bulges later- 
ally through the gap between the vestibular and voeal liga- 
ments to produce an expanded trough-shaped spaee (a 
laryngeal ventriele) (Fig. 8.217A). An elongate tubular 
extension of eaeh ventriele (laryngeal saccule) projeets 
anterosuperiorly between the vestibular fold and thyroid 
eartilage and may reaeh as high as the top of the thyroid 
eartilage. Within the walls of these laryngeal saccules are 
numerous mucous glands. Mucus seereted into the sae- 
cules lubricates the voeal folds. 

Rima vestibuli and rima glottidis 

When viewed from above (Fig. 8.217C,D), there is a 
triangular opening (the rima vestibuli) between the two 
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Fig. 8.217 Laryngeal eavity. A. Posterolateral view. B. Posterior view (cut away). C. Superior view through the laryngeal inlet. D. Labeled 
photograph of the larynx, superior view. 
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adjaeent vestibular folds at the entranee to the middle 
ehamber of the laryngeal eavity. The apex of the opening 
is anterior and its base is formed by the posterior wall of 
the laryngeal eavity. 

Inferior to the vestibular folds, the voeal folds (true 
voeal eords) and adjaeent mucosa-covered parts of the ary- 
tenoid eartilages form the lateral walls of a similar, but 
narrower, triangular opening (the rima glottidis between 
the two adjaeent voeal folds). This opening separates the 
middle ehamber above from the infraglottie eavity below. 
The base of this triangular opening is formed by the fold of 
mucosa (interarytenoid fold) at the bottom of the inter- 
arytenoid noteh. 

Both the rima glottidis and the rima vestibuli ean be 
opened and elosed by movement of the arytenoid eartilages 
and assoeiated fibro-elastie membranes. 


intrinsie musdes 

The intrinsie muscles of the larynx (Table 8.19) adjust 
tension in the voeal ligaments, open and elose the rima 
glottidis, eontrol the inner dimensions of the vestibule, 
elose the rima vestibuli, and faeilitate elosing of the laryn- 
geal inlet. They do this mainly by: 

aeting on the erieothyroid and erieo-arytenoid joints, 
adjusting the distanee between the epiglottis and aryte- 
noid eartilages, 

pulling direetly on the voeal ligaments, and 
■ foreing soí’t tissues assoeiated with the quadrangular 
membranes and vestibular ligaments toward the 
midline. 


Table 8.19 intrinsie muscles of the larynx 


Muscle 

Cricothyroid 


Origin 


Insertion 


Innervation 


Function 


Anterolateral aspeet of areh Oblique part—inferior horn External braneh of superior Forward and downward 


of erieoid eartilage 


of the thyroid eartilage; 
straight part—inferior 
margin of thyroid eartilage 


laryngeal nerve from the 
vagus nerve [X] 


rotation of the thyroid 
eartilage at the erieothyroid 
joint 


Posterior erieo- 
arytenoid 


Oval depression on posterior Posterior surface of 


surface of lamina of erieoid 
eartilage 


muscular proeess of 
arytenoid eartilage 


Lateral erieo-arytenoid Superior surface of areh of 


erieoid eartilage 


Anterior surface of 
muscular proeess of 
arytenoid eartilage 


Recurrent laryngeal braneh Abduction and external 
of the vagus nerve [X] rotation of the arytenoid 

eartilage. The posterior 
erieo-arytenoid muscles are 
the primary abductors of the 
voeal folds. In other words, 
they are the primary openers 
of the rima glottidis. 

Recurrent laryngeal braneh Internal rotation of the 


of the vagus nerve [X] 


arytenoid eartilage and 
adduction of voeal folds 


Transverse arytenoid 


Lateral border of posterior 


Lateral border of posterior Recurrent laryngeal braneh Adduction of arytenoid 


surface of arytenoid eartilage surface of opposite 

arytenoid eartilage 


of the vagus nerve [X] 


eartilages 


Oblique arytenoid 


Posterior surface of muscular Posterior surface of apex of Recurrent laryngeal braneh Sphineter of the laryngeal 


Thyro-arytenoid 


proeess of arytenoid eartilage adjaeent arytenoid 

eartilage; extends into 
ary-epiglottie fold 

Thyroid angle and adjaeent Anterolateral surface of 
erieothyroid ligament 


of the vagus nerve [X] 


inlet 


Recurrent laryngeal braneh Sphineter of vestibule and of 


of the vagus nerve [X] 


laryngeal inlet 


Voealis 


Lateral surface of voeal 
proeess of arytenoid eartilage angle 


arytenoid eartilage; some 
fibers continue in 
ary-epiglottie folds to the 
lateral margin of the 
epiglottis 

Voeal ligament and thyroid Recurrent laryngeal braneh Adjusts tension in voeal folds 


of the vagus nerve [X] 
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Cricothyroid musdes 

The fan-shaped erieothyroid muscles are attaehed to the 
anterolateral surfaces of the areh of the erieoid eartilage 
and expand superiorly and posteriorly to attaeh to the 
thyroid eartilage (Fig. 8.218). 

Eaeh muscle has an oblique part and a straight part: 

The oblique part runs in a posterior direetion from the 
areh of the erieoid eartilage to the inferior horn of the 
thyroid eartilage. 

The straight part runs more vertieally from the areh 
of the erieoid eartilage to the posteroinferior margin of 
the thyroid lamina. 

The erieothyroid muscles move the erieothyroid joints. 
They pull the thyroid eartilage forward and rotate it down 
relative to the erieoid eartilage. These aetions lengthen the 
voeal folds. 

The erieothyroid muscles are the only intrinsie muscles 
of the larynx innervated by the superior laryngeal branehes 


Cricothyroid 

muscle 



Straight 


Oblique 
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Fig. 8.218 Cricothyroid muscle. 


of the vagus nerves [X]. All other intrinsie muscles are 
innervated by the recurrent laryngeal branehes of the 
vagus nerves [X]. 

Posterior erieo-arytenoid muscles 

There is a right and a left posterior erieo-arytenoid 

muscle (Fig. 8.219). The fibers of eaeh muscle originate 
from a large shallow depression on the posterior surface of 
the lamina of the erieoid eartilage, and run superiorly and 
laterally to eonverge on the muscular proeesses of the ary- 
tenoid eartilage. 

The posterior erieo-arytenoid muscles abduct and exter- 
nally (laterally) rotate the arytenoid eartilages, thereby 
opening the rima glottidis. These muscles are the primary 
abductors of the voeal folds. They are innervated by the 
recurrent laryngeal branehes of the vagus nerves [X]. 

Lateral erieo-arytenoid musdes 

The lateral erieo-arytenoid muscle on eaeh side origi- 
nates from the upper surface of the areh of the erieoid 
eartilage, and runs posteriorly and superiorly to insert 
on the muscular proeess of the arytenoid eartilage 

(Fig. 8.219). 

The lateral erieo-arytenoid muscles internally rotate the 
arytenoid eartilages. These movements result in adducted 
(elosed) voeal folds. 



Voeal ligaments 
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T ransverse 
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Voealis 
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Fig. 8.219 Crico-arytenoid, oblique and transverse arytenoid, and 
voealis muscles. 
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The lateral erieo-arytenoids are innervated by the recur- 
rent laryngeal branehes of the vagus nerves [X]. 

Transverse arytenoid muscle 

The single transverse arytenoid muscle spans the dis- 
tanee between adjaeent lateral margins of the arytenoid 
eartilages and eovers the posterior surfaces of these earti- 
lages (Fig. 8.219). It adducts the arytenoid eartilages and 
is innervated by the recurrent laryngeal branehes of the 
vagus nerves [X]. 

Oblique arytenoid musdes 

Eaeh of the two oblique arytenoid muscles runs from 
the posterior surface of the muscular proeess of one aryte- 
noid eartilage to the apex of the arytenoid eartilage on the 
other side (Fig. 8.219). Some fibers of the imisele continue 
laterally around the margin of the arytenoid eartilage 
and into the ary-epiglottie fold where they continue as the 
ary-epiglottie part of the muscle (Fig. 8.220). 

The oblique arytenoids ean narrow the laryngeal 
inlet by eonstrieting the distanee between the arytenoid 
eartilages and the epiglottis. They are innervated by the 
recurrent laryngeal branehes of the vagus nerves [X]. 

Voealis 

The voealis muscles are elongate muscles lateral to and 
mnning parallel with eaeh voeal ligament (Fig. 8.219). 
The fibers in eaeh muscle are attaehed posteriorly to the 
lateral surface of the voeal proeess and adjaeent depression 
on the anterolateralsurface of the arytenoid eartilage, and 
anteriorly insert along the length of the voeal ligament to 
the thyroid angle. 

The vocalismuscles adjust tension in the voeal folds and 
are innervated by the recurrent laryngeal branehes of the 
vagus nerves [X]. 

Thyro-arytenoid vrmsdes 

The two thyro-arytenoid muscles are broad flat muscles 
lateral to the fibro-elastie membrane of the larynx and the 
laryngeal ventrieles and saccules (Fig. 8.220). Eaeh rmisele 
runs from a vertieal line of origin on the lower half of the 
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oblique arytenoid 
muscle 


Superior thyroid 
noteh 



Thyro-epiglottie 
part of thyro- 
arytenoid muscle 


Thyro-arytenoid 
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Fig. 8.220 Thyro-arytenoid muscle. 


thyroid angle and adjaeent external surface of the erieo- 
thyroid ligament to the anterolateral surface of the aryte- 
noid eartilage. Some of the fibers may continue into the 
ary-epiglottie fold and reaeh the margin of the epiglottis. 
These fibers are the thyro-epiglottie part of the muscle. 

Because the thyro-arytenoid muscles are broad and 
lateral to the quadrangular membrane, they aet as a 
sphineter of the vestibule by pushing soft tissues medial to 
the imiseles toward the midline. The muscles also narrow 
the laryngeal inlet by pulling the arytenoid eartilages 
forward while simultaneously pulling the epiglottis toward 
the arytenoid eartilages. 

The thyro-arytenoid muscles are innervated by the 
recurrent laryngeal branehes of the vagus nerves [X]. 
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Function of the larynx 

The larynx is an elaborate sphineter for the lower respira- 
tory traet and provides a meehanism for producing sounds. 
Adjustments of the size of the eentral eavity of the larynx 
result from ehanges in the dimensions of the rima glottidis, 
the rima vestibuli, the vestibule, and the laryngeal inlet 
(Fig. 8.221). These ehangesresult fromnrnsele aetions and 
laryngeal meehanies. 


Respiration 

During quiet respiration, the laryngeal inlet, vestibule, 
rima vestibuli, and rima glottidis are open. The arytenoid 
eartilages are abducted and the rima glottidis is triangular 
shaped (Fig. 8.221A). During foreed inspiration (Fig. 
8.221B), the arytenoid eartilages are rotated laterally, 
mainly by the aetion of the posterior erieo-arytenoid 
muscles. As a result, the voeal folds are abducted and the 
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Fig. 8.221 Laryngeal function. A. Quiet respiration. B. Foreed inspiration. C. Phonation. D. Effort closure. E. Swallowing. 
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rima glottidis widens into a rhomboid shape, which effee- 
tively inereases the diameter of the laryngeal airway. 

Phonation 

When phonating, the arytenoid eartilages and voeal folds 
are adducted and air is foreed through the elosed rima glot- 
tidis (Fig. 8.221C). This aetion causes the voeal folds to 
vibrate against eaeh other and produce sounds, which ean 
then be modified by the upper parts of the airway and oral 
eavity. Tension in the voeal folds ean be adjusted by the 
voealis and erieothyroid muscles. 

Effort closure 

Effort closure of the larynx (Fig. 8.221D) occurs when air 
is retained in the thoraeie eavity to stabilize the trunk, for 
example during heavy lií’ting, or as part of the meehanism 
for inereasing intra-abdominal pressure. During effort 


closure, the rima glottidis is eompletely elosed, as is the 
rima vestibuli and lower parts of the vestibule. The result 
is to eompletely and forcefully shut the airway. 

Swallowing 

During swallowing, the rima glottidis, rima vestibuli, and 
vestibule are elosed and the laryngeal inlet is narrowed. 
In addition, the larynx moves up and forward. This aetion 
causes the epiglottis to swing downward toward the ary- 
tenoid eartilages and to effeetively narrow or elose the 
laryngeal inlet (Fig. 8.221E). The up and forward move- 
ment of the larynx also opens the esophagus, which is 
attaehed to the posterior aspeet of the lamina of the 
erieoid eartilage. All these aetions together prevent solids 
and liquids from entry into the airway and faeilitate 
their movement through the piriform fossae into the 
esophagus. 


In the elinie 

Traeheostomy 

A traeheostomy is a procedure in which a hole is made in 
the traehea and a tube is inserted to enable ventilation. 

In the emergeney situation a traeheostomy is typieally 
performed when there is obstmetion to the larynx as a 
result of inhalation of a foreign body, severe edema 
seeondary to anaphylaetie reaetion, or severe head and 
neek trauma. 

In the emergeney situation the erieothyroid ligament 
ean be identifìed by simple palpation and a small needle 
ean be inserted to establish an airway. This procedure is 
ealled a "erieothyrotomy." 

The typieal situation in which a traeheostomy is 
performed is in the ealm atmosphere of an operating 


theater. A small transverse ineision is plaeed in the lower 
third of the neek anteriorly. The strap muscles are 
deviated laterally and the traehea ean be easily visualized. 
Oeeasionally it is neeessary to divide the isthmus of the 
thyroid gland. An ineision is made in the seeond and third 
traeheal rings and a small traeheostomy tube inserted. 

After the traeheostomy has been in situ for the 
required length of time, it is simply removed. The hole 
through which it was inserted almost inevitably eloses 
without any intervention. 

Patients with long-term traeheostomies are unable to 
voealize because no air is passing through the voeal eords. 


In the elinie 


Laryngoseopy 

Laryngoseopy is a medieal procedure that is used to 
inspeet the larynx. The functions of laryngoseopy include 
the evaluation of patients with difficulty swallowing, 
assessment of the voeal eords, and assessment of the 
larynx for tumors 7 masses, and weak voiee. 

The larynx is typieally visualized using two methods. 
indireet laryngoseopy involves passage of a small rod- 
mounted mirror (not dissimilar to a dental mirror) into the 


oropharynx permitting indireet visualization ofthe larynx. 
Direet laryngoseopy ean be performed using a deviee with 
a curved metal tip that holds the tongue and epiglottis 
forward r allowing direet inspeetion of the larynx. This 
procedure ean be performed only in the unconscious 
patient or in a patient in whom the gag reflex is not intaet. 
Other methods of inspeetion include the passage of 
fiberoptie endoseopes through either the oral eavity or 
nasal eavity. 
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Vessels 

Arteries 

The major blood supply to the larynx is by the superior and 
inferior laryngeal arteries (Fig. 8.222): 

The superior laryngeal artery originates near the 
upper margin of the thyroid eartilage from the superior 
thyroid braneh of the external earotid artery, and 
aeeompanies the internal braneh of the superior 


laryngeal nerve through the thyrohyoid membrane to 
reaeh the larynx. 

The inferior laryngeal artery originates from the 
inferior thyroid braneh of the thyroeervieal trunk of the 
subclavian artery low in the neek and, together with 
the recurrent laryngeal nerve, aseends in the groove 
between the esophagus and traehea—it enters the 
larynx by passing deep to the margin of the inferior 
eonstrietor muscle of the pharynx. 
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Fig. 8.222 Arterial supply of the larynx, left lateral view. 
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Veins 

Veins draining the larynx aeeompany the arteries: 

Superior laryngeal veins drain into superior thyroid 
veins, which in turn drain into the internal jugular 
veins (Fig. 8.223). 

Inferior laryngeal veins drain into inferior thyroid 
veins, which drain into the left braehioeephalie vein. 


Lymphaties 

Lymphaties drain regions above and below the voeal folds: 

Those above the voeal folds follow the superior laryngeal 
artery and terminate in deep eervieal nodes assoeiated 
with the bifurcation of the eommon earotid artery. 
Those below the voeal folds drain into deep nodes assoei- 
ated with the inferior thyroid artery or with nodes asso- 
eiated with the front of the erieothyroid ligament or 
upper traehea. 
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Fig. 8.223 Venous drainage of the larynx, anterior view. 
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Nerves 

Sensory and motor innervation of the larynx is by 
two branehes of the vagus nerves [X]—the superior 
laryngeal nerves and the recurrent laryngeal nerves 

(Fig. 8.224). 

Superior laryngeal nerves 

The superior laryngeal nerves originate from the infe- 
rior vagal ganglia high in the neek (Fig. 8.224). On eaeh 
side, the nerve deseends medial to the internal earotid 


artery and divides into internal and external branehes 
just above the level of the superior horn of the hyoid bone: 

The external braneh (external laryngeal nerve) deseends 
along the lateral wall of the pharynx to supply and pen- 
etrate the inferior eonstrietor of the pharynx and ends 
by supplying the erieothyroid muscle. 

The internal braneh (internal laryngeal nerve) 
passes anteroinferiorly to penetrate the thyrohyoid 
membrane—it is mainly sensory and supplies the laryn- 
geal eavity down to the level of the voeal folds. 
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Fig. 8.224 Innervation of the larynx. 
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Recurrent laryngeal nerves 

The recurrent laryngeal nerves are (Fig. 8.224): 

sensory to the laryngeal eavity below the level of the 
voeal folds, and 

motor to all intrinsie muscles of the larynx except for 
the erieothyroid. 

The left recurrent laryngeal nerve originates in the 
thorax, whereas the right recurrent laryngeal nerve origi- 
nates in the root of the neek. Both nerves generally aseend 
in the neek in the groove between the esophagus and 
traehea and enter the larynx deep to the margin of the 
inferior eonstrietor. They may pass medial to, lateral to, or 
through the lateral ligament of the thyroid gland, which 
attaehes the thyroid gland to the traehea and lower part of 
the erieoid eartilage on eaeh side. 


NASAL CAVITIES 

The two nasal eavities are the uppermost parts of the respi- 
ratory traet and eontain the olfaetory reeeptors. They are 
elongated wedge-shaped spaees with a large inferior base 
and a narrow superior apex (Figs. 8.225 and 8.226) and 
are held open by a skeletal framework eonsisting mainly of 
bone and eartilage. 

The smaller anterior regions of the eavities are enelosed 
by the external nose, whereas the larger posterior regions 
are more eentral within the skull. The anterior apertures 
of the nasal eavities are the nares, which open onto the 
inferior surface of the nose. The posterior apertures are the 
ehoanae, which open into the nasopharynx. 

The nasal eavities are separated: 

from eaeh other by a midline nasal septum, 

■ from the oral eavity below by the hard palate, and 
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Fig. 8.225 Nasal eavities (anterolateral view). Relationship to other eavities. 
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Fig. 8.226 Nasal eavities. A. Floor, roof, and lateral walls. B. Conchae on lateral walls. C. Coronal seetion. D. Air ehannels in right nasal 
eavity. 


from the eranial eavity above by parts of the frontal, 
ethmoid, and sphenoid bones. 

Lateral to the nasal eavities are the orbits. 

Eaeh nasal eavity has a floor, roof, medial wall, and 
lateral wall (Fig. 8.226 A). 


Lateral wall 

The lateral wall is eharaeterized by three curved shelves of 
bone (eonehae), which are one above the other and projeet 
medially and inferiorly aeross the nasal eavity (Fig. 
8.226B). The medial, anterior, and posterior margins of 
the eonehae are free. 

















































Regional anatomy • Nasal Cavities 


8 


The eonehae divide eaeh nasal eavity into four air ehan- 
nels (Fig. 8.226C,D): 

an inferior nasal meatus between the inferior 

eoneha and the nasal floor, 

a middle nasal meatus between the inferior and 

middle eoneha, 

a superior nasal meatus between the middle and 

superior eoneha, and 

a spheno-ethmoidal reeess between the superior 

eoneha and the nasal roof. 

These eonehae inerease the surface area of eontaet 
between tissues of the lateral wall and the respired air. 

The openings of the paranasal sinuses, which are exten- 
sions of the nasal eavity that erode into the surrounding 
bones during ehildhood and early adulthood, are on the 
lateral wall and roof of the nasal eavities (Fig. 8.227). In 
addition, the lateral wall also eontains the opening of the 
nasolaerimal duct, which drains tears from the eye into the 
nasal eavity. 


Regions 

Eaeh nasal eavity eonsists of three general regions—the 
nasal vestibule, the respiratory region, and the olfaetory 
region (Fig. 8.228): 

■ The nasal vestibule is a small dilated spaee just inter- 
nal to the naris that is lined by skin and eontains hair 
follieles. 

The respiratory region is the largest part of the nasal 
eavity, has a rieh neurovascular supply, and is lined by 
respiratory epithelium eomposed mainly of eiliated and 
mucous eells. 

■ The olfaetory region is small, is at the apex of eaeh 
nasal eavity, is lined by olfaetory epithelium, and eon- 
tains the olfaetory reeeptors. 

In addition to housing reeeptors for the sense of smell 
(olfaetion), the nasal eavities adjust the temperature and 
humidity of respired air by the aetion of a rieh blood supply, 
and trap and remove particulate matter from the airway by 
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Fig. 8.227 Paranasal sinuses and nasolaerimal duct. 


Fig. 8.228 Regions of the nasal eavities. 
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fìltering the air through hair in the vestibule and by captur- 
ing foreign material in abundant mucus. The mucus nor- 
mally is moved posteriorly by eilia on epithelial eells in the 
nasal eavities and is swallowed. 

Innervation and blood supply 

Innervation of the nasal eavities is by three eranial nerves: 

Olfaetion is earried by the olfaetory nerve [I]. 

General sensation is earried by the trigeminal nerve [V], 
the anterior region by the ophthalmie nerve [Vi], and 
the posterior region by the maxillary nerve [V 2 ]. 

■ All glands are innervated by parasympathetie fibers 
in the faeial nerve [VII] (greater petrosal nerve), 
which join branehes of the maxillary nerve [V 2 ] in the 
pterygopalatine fossa. 

Sympathetie fibers are ultimately derived from the 
T1 spinal eord level. They synapse mainly in the superior 
eervieal sympathetie ganglion, and postganglionie fibers 
reaeh the nasal eavities along blood vessels, or by 
joining branehes of the maxillary nerve [V 2 ] in the ptery- 
gopalatine fossa. 

Blood supply to the nasal eavities is by: 

terminal branehes of the maxillary and faeial arteries, 
which originate from the external earotid artery, and 
ethmoidal branehes of the ophthalmie artery, which 
originates from the internal earotid artery. 

Skeletal framework 

Bones that contribute to the skeletal framework of the 
nasal eavities inehide: 

the unpaired ethmoid, sphenoid, frontal, and vomer 
bones, and 

the paired nasal, maxillary, palatine, and laerimal bones 
and inferior eonehae. 

Of all the bones assoeiated with the nasal eavities, the 
ethmoid is a key element. 

Ethmoid bone 

The single ethmoid bone is one of the most complex bones 
in the skull. It contributes to the roof, lateral wall, and 
medial wall of both nasal eavities, and eontains the eth- 
moidal eells (ethmoidal sinuses). 

The ethmoid bone is cuboidal in overall shape (Fig. 
8.229A) and is eomposed of two rectangular box- 
1072 shaped ethmoidal labyrinths, one on eaeh side, united 


superiorly aeross the midline by a perforated sheet of 
bone (the eribriform plate). A seeond sheet of bone (the 
perpendicular plate) deseends vertieally in the median 
sagittal plane from the eribriform plate to form part of the 
nasal septum. 

Eaeh ethmoidal labyrinth is eomposed of two delieate 
sheets of bone, which sandwich between them the eth- 
moidal eells. 

The lateral sheet of bone (the orbital plate) is flat and 
forms part of the medial wall of the orbit. 

The medial sheet of bone forms the upper part of the 
lateral wall of the nasal eavity and is eharaeterized by 
two proeesses and a swelling (Fig. 8.229B) —the two 
proeesses are curved shelves of bone (the superior and 
middle eonehae), which projeet aeross the nasal eavity 
and curve downward ending in free medial margins, 
while inferior to the origin of the middle eoneha, the 
middle ethmoidal eells form a prominent bulge (the eth- 
moidal bulla), on the medial wall of the labyrinth. 

Extending anterosuperiorly from just under the bulla is 
a groove (the ethmoidal infundibulum), which eontin- 
ues upward, and narrows to form a ehannel that pene- 
trates the ethmoidal labyrinth and opens into the frontal 
sinus. This ehannel is for the frontonasal duct, which 
drains the frontal sinus. 

The superior surface of the ethmoidal labyrinth articu- 
lates with the frontal bone, which usually eompletes 
the roof of the ethmoidal eells, while the anterior surface 
articulates with the frontal proeess of the maxilla and with 
the laerimal bone. The inferior surface articulates with the 
upper medial margin of the maxilla. 

A delieate irregularly shaped projeetion (the uncinate 
proeess) on the anterior aspeet of the inferior surface of 
the ethmoidal labyrinth extends posteroinferiorly aeross a 
large defeet (maxillary hiatus) in the medial wall of the 
maxilla to articulate with the inferior eoneha. 

The eribriform plate is at the apex of the nasal eavities 
and fills the ethmoidal noteh in the frontal bone 
(Fig. 8.229) and separates the nasal eavities below from 
the eranial eavity above. Small perforations in the bone 
allow the fibers of the olfaetory nerve [1] to pass between 
the two regions. 

A large triangular proeess (the erista galli) at the 
midline on the superior surface of the eribriform plate 
anehors a fold (falx eerebri) of dura mater in the 
eranial eavity. 

The perpendicular plate of the ethmoid bone is quad- 
rangular in shape, deseends in the midline from the eribri- 
form plate, and forms the upper part of the median nasal 
septum (Fig. 8.229). It articulates: 
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Fig. 8.229 Ethmoid bone. A. Overall shape. B. Coronal seetion through skull. 
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posteriorly with the sphenoidal erest on the body of the 
sphenoid bone, 

anteriorly with the nasal spine on the frontal bone and 
with the site of articulation at the midline between the 
two nasal bones, and 

inferiorly and anteriorly with the septal eartilage and 
posteriorly with the vomer. 


External nose 

The external nose extends the nasal eavities onto the 
front of the faee and positions the nares so that they point 
downward (Fig. 8.230). It is pyramidal in shape with its 
apex anterior in position. The upper angle of the nose 
between the openings of the orbits is continuous with 
the forehead. 

Like posterior regions, the anterior parts of the nasal 
eavities found within the nose are held open by a skeletal 
framework, which is eomposed partly of bone and mainly 
of eartilage: 

The bony parts are where the nose is continuous with 
the skull—here the nasal bones and parts of the maxil- 
lae and frontal bones provide support. 

Anteriorly, and on eaeh side, support is provided by 

lateral proeesses of the septal eartilage, major alar 


and three or four minor alar eartilages, and a single 
septal eartilage in the midline that forms the anterior 
part of the nasal septum. 


Paranasal sinuses 

There are four paranasal air sinuses—the ethmoidal 
eells, and the sphenoidal, maxillary, and frontal sinuses 
(Fig. 8.231A,B). Eaeh is named aeeording to the bone in 
which it is found. 


Nasal bone 




Laerimal bone 


Frontal proeess of maxilla 

Lateral proeess of 
septal eartilage 

Superior margin of 
septal eartilage 

Major alar- 

eartilage 


SeptaE eartilage 
Minor alar eartilages 


Naris 


Fig. 8.230 External nose. 
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Fig. 8.231 Paranasal sinuses. A. Anterior view. B. Posteroanterior skull radiograph. 
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Fig. 8.231, eont'd C. Paramedian view of right nasal eavity. D. Lateral skull radiograph. 


The paranasal sinuses develop as outgrowths from 
the nasal eavities and erode into the surrounding bones. 
All of the paranasal sinuses: 

are lined by respiratory mucosa, which is eiliated and 
mucus seereting, 
open into the nasal eavities, and 
■ are innervated by branehes of the trigeminal nerve [V]. 

Frontal sinuses 

The frontal sinuses, one on eaeh side, are variable in size 
and are the most superior of the sinuses (Fig. 8.2 31 À-C), 
Eaeh is triangular in shape and is in the part of the 
frontal bone under the forehead. The base of eaeh triangu- 
lar sinus is oriented vertieally in the bone at the midline 
above the bridge of the nose and the apex is laterally 
approximately one-third of the way along the upper margin 
of the orbit. 

Eaeh frontal sinus drains onto the lateral wall of the 
middle meatus via the frontonasal duct, which penetrates 
the ethmoidal labyrinth and continues as the ethmoidal 
infundibulum at the front end of the semilunar hiatus. 

The frontal sinuses are innervated by branehes of the 
supra-orbital nerve from the ophthalmie nerve [Vi]. Their 
blood supply is from branehes of the anterior ethmoidal 
arteries. 


Ethmoidal eells 

The ethmoidal eells on eaeh side fill the ethmoidal laby- 
rinth (Fig. 8.231A,B). Eaeh cluster of eells is separated 
from the orbit by the thin orbital plate of the ethmoidal 
labyrinth, and from the nasal eavity by the medial wall of 
the ethmoidal labyrinth. 

The ethmoidal eells are formed by a variable number of 
individual air ehambers, which are divided into anterior, 
middle, and posterior ethmoidal eells based on the loeation 
of their apertures on the lateral wall of the nasal eavity: 

The anterior ethmoidal eells open into the ethmoidal 
infundibulum or the frontonasal duct. 

The middle ethmoidal eells open onto the ethmoidal 
bulla, or onto the lateral wall just above this structure. 
The posterior ethmoidal eells open onto the lateral wall 
of the superior nasal meatus. 

Because the ethmoidal eells often erode into bones 
beyond the boundaries of the ethmoidal labyrinth, their 
walls may be eompleted by the frontal, maxillary, laerimal, 
sphenoid, and palatine bones. 

The ethmoidal eells are innervated by: 

the anterior and posterior ethmoidal branehes 

of the nasoeiliary nerve from the ophthalmie nerve 
[VJ, and 
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the maxillary nerve [V 2 ] via orbital branehes from the 
pterygopalatine ganglion. 

The ethmoidal eells reeeive their blood supply through 
branehes of the anterior and posterior ethmoidal arteries. 

Maxillary sinuses 

The maxillary sinuses, one on eaeh side, are the largest of 
the paranasal sinuses and eompletely fill the bodies of the 
maxillae (Fig. 8.231A,B). Eaeh is pyramidal in shape with 
the apex direeted laterally and the base deep to the lateral 
wall of the adjaeent nasal eavity. The medial wall or base 
of the maxillary sinus is formed by the maxilla, and by 
parts of the inferior eoneha and palatine bone that overlie 
the maxillary hiatus. 

The opening of the maxillary sinus is near the top of the 
base, in the eenter of the semilunar hiatus, which grooves 
the lateral wall of the middle nasal meatus. 

Relationships of the maxillary sinus are as follows: 

The superolateral surface (rooí) is related above 
to the orbit. 

The anterolateral surface is related below to the roots 
of the upper molar and premolar teeth and in front to 
the faee. 

The posterior wall is related behind to the infratemporal 
fossa. 

The maxillary sinuses are innervated by infra-orbital 
and alveolar branehes of the maxillary nerve [V 2 ], and 
reeeive their blood through branehes from the infra-orbital 
and superior alveolar branehes of the maxillary arteries. 

Sphenoidal sinuses 

The sphenoidal sinuses, one on either side within the body 
of the sphenoid, open into the roof of the nasal eavity via 
apertures on the posterior wall of the spheno-ethmoidal 
reeess (Fig. 8.231C,D). The apertures are high on the ante- 
rior walls of the sphenoid sinuses. 

The sphenoidal sinuses are related: 

above to the eranial eavity, particularly to the pituitary 
gland and to the optie ehiasm, 

laterally, to the eranial eavity, particularly to the eavern- 
ous sinuses, and 

below and in front, to the nasal eavities. 

Because only thin shelves of bone separate the sphenoi- 
dal sinuses from the nasal eavities below and hypophyseal 
fossa above, the pituitary gland ean be surgically approaehed 
through the roof of the nasal eavities by passing first 
1076 through the anteroinferior aspeet of the sphenoid bone 


and into the sphenoidal sinuses and then through the top 
of the sphenoid bone into the hypophyseal fossa. 

Innervation of the sphenoidal sinuses is provided by: 

the posterior ethmoidal braneh of the ophthalmie nerve 
[VJ,and 

the maxillary nerve [VJ via orbital branehes from the 
pterygopalatine ganglion. 

The sphenoidal sinuses are supplied by branehes of the 
pharyngeal arteries from the maxillary arteries. 

Walls, floor, and roof 

Medial wall 

The medial wall of eaeh nasal eavity is the imieosa-eovered 
surface of the thin nasal septum, which is oriented verti- 
eally in the median sagittal plane and separates the right 
and left nasal eavities from eaeh other. 

The nasal septum (Fig. 8.232) eonsists of: 

the septal nasal eartilage anteriorly, 

posteriorly, mainly the vomer and the perpendicular 

plate of the ethmoid bone, 

small contributions by the nasal bones where they meet 
in the midline, and the nasal spine of the frontal bone, 
and 

contributions by the nasal erests of the maxillary and 
palatine bones, rostrum of the sphenoid bone, and the 
ineisor erest of the maxilla. 
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Fig. 8.232 Medial wall of the nasal eavity—the nasal septum. 
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ln the elinie 

Deviated nasal septum 

The nasal septum is typieally situated in the midline; 
however, septal deviation to one side or the other is not 
uncommon, and in many eases is seeondary to direet 
trauma. Extreme septal deviation ean produce nasal 
occlusion. The deviation ean be eorreeted surgically. 

Floor 

The floor of eaeh nasal eavity (Fig. 8.233) is smooth, 
eoneave, and much wider than the roof. It eonsists of: 

■ soft tissues of the external nose, and 

■ the upper surface of the palatine proeess of the maxilla 
and the horizontal plate of the palatine bone, which 
together form the hard palate. 

The naris opens anteriorly into the floor, and the supe- 
rior aperture of the ineisive eanal is deep to the mucosa 
immediately lateral to the nasal septum near the front of 
the hard palate. 

Roof 

The roof of the nasal eavity is narrow and is highest in 
eentral regions where it is formed by the eribriform plate 
of the ethmoid bone (Fig. 8.234). 


Anterior to the eribriform plate the roof slopes inferiorly 
to the nares and is formed by: 

the nasal spine of the frontal bone and the nasal 
bones, and 

the lateral proeesses of the septal eartilage and major 
alar eartilages of the external nose. 

Posteriorly, the roof of eaeh eavity slopes inferiorly to 
the ehoana and is formed by: 

the anterior surface of the sphenoid bone, 

■ the ala of the vomer and adjaeent sphenoidal proeess 
of the palatine bone, and 

■ the vaginal proeess of the medial plate of the pterygoid 
proeess. 

Underlying the mucosa, the roof is perforated superiorly 
by openings in the eribriform plate, and anterior to these 
openings by a separate foramen for the anterior ethmoidal 
nerve and vessels. 

The opening between the sphenoidal sinus and the 
spheno-ethmoidal reeess is on the posterior slope of 
the roof. 

Lateral wall 

The lateral wall of eaeh nasal eavity is complex and is 
formed by bone, eartilage, and soft tissues. 
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Fig. 8.233 Floor of the nasal eavity (superior view). 


Fig. 8.234 Roof of the nasal eavity. 
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Bony support for the lateral wall (Fig. 8.235A) is pro- 
vided by: 

the ethmoidal labyrinth, superior eoneha, middle 

eoneha and uncinate proeess, 

the perpendicular plate of the palatine bone, 

the medial pterygoid plate of the sphenoid bone, 

the medial surfaces of the laerimal bones and maxillae, 

and 

the inferior eoneha. 

In the external nose, the lateral wall of the eavity is sup- 
ported by eartilage (lateral proeess of the septal eartilage 
and major and minor alar eartilages) and by soft tissues. 
The surface of the lateral wall is irregular in contour and 
is intermpted by the three nasal eonehae. 

The inferior, middle, and superior eonehae (Fig. 8.2 3 5B) 
extend medially aeross the nasal eavity, separating it into 
four air ehannels, an inferior, middle, and superior meatus 
and a spheno-ethmoidal reeess. The eonehae do not extend 
forward into the external nose. The anterior end of eaeh 
eoneha curves inferiorly to form a lip that overlies the end 
of the related meatus. 

Immediately inferior to the attaehment of the middle 
eoneha and just anterior to the midpoint of the eoneha, 
the lateral wall of the middle meatus elevates to form the 
dome-shaped ethmoidalbulla (Fig. 8.235C). This is formed 


by the underlying middle ethmoidal eells, which expand 
the medial wall of the ethmoidal labyrinth. 

Inferior to the ethmoidal bulla is a curved gutter 
(the semilunar hiatus), which is formed by the mucosa 
eovering the lateral wall as it spans a defeet in the bony wall 
between the ethmoidal bulla above and the uncinate 
proeess below. 

The anterior end of the semilunar hiatus forms a 
ehannel (the ethmoidal infundibulum), which curves 
upward and continues as the frontonasal duct through the 
anterior part of the ethmoidal labyrinth to open into the 
frontal sinus. 

The nasolaerimal duct andmost of the paranasal sinuses 
open onto the lateral wall of the nasal eavity (Fig. 8.2 3 5 C) : 

■ The nasolaerimal duct opens onto the lateral wall o f the 
inferior nasal meatus under the anterior lip of the infe- 
rior eoneha—it drains tears from the conjunctival sae 
of the eye into the nasal eavity and originates at the 
inferior end of the laerimal sae on the anteromedial wall 
of the orbit. 

The frontal sinus drains via the frontonasal duct and 
ethmoidal infundibulum into the anterior end of the 
semilunar hiatus on the lateral wall of the middle nasal 
meatus—the anterior ethmoidal eells drain into the 
frontonasal duct or ethmoidal infundibulum (in some 
eases, the frontal sinus drains direetly into the anterior 
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Fig. 8.235 Lateral wall of the nasal eavity. A. Bones. 
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end of the middle nasal meatus and the frontonasal 
duct ends blindly in the anterior ethmoidal eells). 

The middle ethmoidal eells open onto or just above the 
ethmoidal bulla. 

The posterior ethmoidal eells usually open onto the 
lateral wall of the superior nasal meatus. 

The large maxillary sinus opens into the semilunar 
hiatus, usually just inferior to the eenter of the eth- 
moidal bulla—this opening is near the roof of the max- 
illary sinus. 

The only paranasal sinus that does not drain onto the 
lateral wall of the nasal eavity is the sphenoidal sinus, 


which usually opens onto the sloping posterior roof of the 
nasal eavity. 

Nares 

The nares are oval apertures on the inferior aspeet of 
the external nose and are the anterior openings of the 
nasal eavities (Fig. 8.236A). They are held open by the 
surrounding alar eartilages and septal eartilage, and by 
the inferior nasal spine and adjaeent margins of the 
maxillae. 

Although the nares are continuously open, they ean be 
widened further by the aetion of the related muscles of 
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Fig. 8.236 Nares. A. Inferior view. B. Assoeiated muscles. 
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faeial expression (nasalis, depressor septi nasi, and levator 
labii superioris alaeque nasi muscles; Fig. 8.236B). 

Choanae 

The ehoanae are the oval-shaped openings between the 
nasal eavities and the nasopharynx (Fig. 8.237). Unlike 
the nares, which have flexible borders of eartilage and soft 
tissues, the ehoanae are rigid openings eompletely sur- 
rounded by bone, and their margins are formed: 

inferiorly by the posterior border of the horizontal plate 
of the palatine bone, 


laterally by the posterior margin of the medial plate of 

the pterygoid proeess, and 

medially by the posterior border of the vomer. 

The roof of the ehoanae is formed: 

■ anteriorly by the ala of the vomer and the vaginal 
proeess of the medial plate of the pterygoid proeess, and 
posteriorly by the body of the sphenoid bone. 


Vaginal proeess of medial pterygoid plate 


Sphenoidal rostrum 


Palatovaginal eanal 


Ala of vomer 


Choanae 


Sphenoidal proeess 
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Sphenoid bone 
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Vomer 


A 
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Medial pterygoid P a l at i ne b° ne 
plate of sphenoid 

B 


Pyramidal proeess 
of palatine bone 


Fig. 8.237 ehoanae (posterior view). A. Overview. B. Magnified view. 
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Gateways 

There are a number of routes by which nerves and 
vessels enter and leave the soft tissues lining eaeh nasal 
eavity (Fig. 8.238), and these inehide the eribriform plate, 
sphenopalatine foramen, ineisive eanal, and small foram- 
ina in the lateral wall, and around the margin of the nares. 

eribriform plate 

The fibers of the olfaetory nerve [1] exit the nasal eavity 
and enter the eranial eavity through perforations in the 
eribriform plate. In addition, small foramina between the 
eribriform plate and surrounding bone allow the anterior 
ethmoidal nerve, a braneh of the ophthalmie nerve [VJ, 
and aeeompanying vessels to pass from the orbit into the 
eranial eavity and then down into the nasal eavity. 

In addition, there is a eonneetion in some individuals 
between nasal veins and the superior sagittal sinus of 
the eranial eavity through a prominent foramen (the 
foramen cecum) in the midline between the erista galli and 
frontal bone. 

Sphenopalatine foramen 

One of the most important routes by which nerves and 
vessels enter and leave the nasal eavity is the sphenopala- 
tine foramen in the posterolateral wall of the superior 
nasal meatus. This foramen is just superior to the attaeh- 
ment of the posterior end of the middle nasal eoneha and 


Foramen cecum 



ineisive eanal 
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Fig. 8.238 Gateways to the nasal eavities. 


is formed by the sphenopalatine noteh in the palatine bone 
and the body of the sphenoid bone. 

The sphenopalatine foramen is a route of communica- 
tion between the nasal eavity and the pterygopalatine 
fossa. Major structures passing through the foramen are: 

the sphenopalatine braneh of the maxillary artery, 
the nasopalatine braneh of the maxillary nerve 
[V 2 ], and 

superior nasal branehes of the maxillary nerve [V 2 ]. 

ineisive eanal 

Another route by which structures enter and leave the 
nasal eavities is through the ineisive eanal in the floor of 
eaeh nasal eavity. This eanal is immediately lateral to the 
nasal septum and just posterosuperior to the root of the 
eentral ineisor in the maxilla. The two ineisive eanals, one 
on eaeh side, both open into the single unpaired ineisive 
fossa in the roof of the oral eavity and transmit: 

the nasopalatine nerve from the nasal eavity into the 
oral eavity, and 

the terminal end of the greater palatine artery from the 
oral eavity into the nasal eavity. 

Small foramina in the lateral wall 

Other routes by which vessels and nerves get into and out 
of the nasal eavity include the nares and small foramina 
in the lateral wall: 

Internal nasal branehes of the infra-orbital nerve of the 
maxillary nerve [V 2 ] and alar branehes of the nasal 
artery from the faeial artery loop around the margin of 
the naris to gain entry to the lateral wall of the nasal 
eavity from the faee. 

■ Inferior nasal branehes from the greater palatine braneh 
of the maxillary nerve [V 2 ] enter the lateral wall of the 
nasal eavity from the palatine eanal by passing through 
small foramina on the lateral wall. 


Vessels 

The nasal eavities have a rieh vascular supply for altering 
the humidity and temperature of respired air. In faet, the 
submucosa of the respiratory region, particularly that 
related to the eonehae and septum, is often deseribed as 
“ereetile” or “cavernous” because the tissue enlarges or 
shrinks depending on the amount of blood flowing into 
the system. 
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Arteries 

Arteries that supply the nasal eavity include vessels that 
originate from both the internal and external earotid arter- 

ies (Fig. 8.239): 

Vessels that originate from branehes of the external 
earotid artery include the sphenopalatine, greater pala- 
tine, superior labial, and lateral nasal arteries. 

Vessels that originate from branehes of the internal 
earotid artery are the anterior and posterior ethmoidal 
arteries. 

Sphenopalatine artery 

The largest vessel supplying the nasal eavity is the sphe- 
nopalatine artery (Fig. 8.239), which is the terminal 
braneh of the maxillary artery in the pterygopalatine 
fossa. It leaves the pterygopalatine fossa and enters the 
nasal eavity by passing medially through the sphenopala- 
tine foramen and onto the lateral wall of the nasal eavity. 

Posterior lateral nasal branehes supply a large part 
of the lateral wall and anastomose anteriorly withbranches 
from the anterior and posterior ethmoidal arteries, and 
with lateral nasal branehes of the faeial artery. 


Posterior septal branehes of the sphenopalatine 
artery pass over the roof of the eavity and onto the nasal 
septum where they contribute to the blood supply of the 
medial wall. One of these latter branehes continues forward 
down the nasal septum to anastomose with the terminal 
end of the greater palatine artery and septal branehes of 
the superior labial artery. 

Greater palatine artery 

The terminal end of the greater palatine artery enters 
the anterior aspeet of the floor of the nasal eavity by 
passing up through the ineisive eanal from the roof of the 
oral eavity (Fig. 8.239). 

Like the sphenopalatine artery, the greater palatine 
artery arises in the pterygopalatine fossa as a braneh of the 
maxillary artery. It passes fìrst onto the roof of the oral 
eavity by passing down through the palatine eanal and 
greater palatine foramen to the posterior aspeet of the 
palate, then passes forward on the undersurface of the 
palate, and up through the ineisive fossa and eanal to reaeh 
the floor of the nasal eavity. The greater palatine artery 
supplies anterior regions of the medial wall and adjaeent 
floor of the nasal eavity, and anastomoses with the septal 
braneh of the sphenopalatine artery. 
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sphenopalatine artery 


Superior eoneha 
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Fig. 8.239 Arterial supply of the nasal eavities. A. Lateral wall of the right nasal eavity. B. Septum (medial wall of right nasal eavity). 
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Superior labial and lateral nasal arteries 

The siiperior labial artery and the lateral nasal artery origi- 
nate from the faeial artery on the front of the faee. 

The superior labial artery originates from the faeial 
artery near the lateral end of the oral fissure and passes 
medially in the lip, supplying the lip and giving rise to 
branehes that supply the nose and nasal eavity. An alar 
braneh supplies the region around the lateral aspeet of the 
naris and a septal braneh passes into the nasal eavity and 
supplies anterior regions of the nasal septum. 

The lateral nasal artery originates from the faeial 
artery in assoeiation with the margin of the external nose 
and contributes to the blood supply of the external nose. 
Alar branehes pass around the lateral margin of the naris 
and supply the nasal vestibule. 

Anterior and posterior ethmoidal arteries 

The anterior and posterior ethmoidal arteries (Fig. 8.239) 
originate in the orbit from the ophthalmie artery, which 
originates in the eranial eavity as a major braneh of the 
internal earotid artery. They pass through eanals in the 
medial wall of the orbit between the ethmoidal labyrinth 
and frontal bone, supply the adjaeent paranasal sinuses, 
and then enter the eranial eavity immediately lateral and 
superior to the eribriform plate. 

The posterior ethmoidal artery deseends into the 
nasal eavity through the eribriform plate and has branehes 
to the upper parts of the medial and lateral walls. 

The anterior ethmoidal artery passes forward, with 
the aeeompanying anterior ethmoidal nerve, in a groove 
on the eribriform plate and enters the nasal eavity by 
deseending through a slit-like foramen immediately lateral 
to the erista galli. It gives rise to branehes that supply the 
medial (septal) and lateral wall of the nasal eavity and then 
continues forward on the deep surface of the nasal bone, 
and terminates by passing between the nasal bone and 
lateral nasal eartilage to emerge on the external nose as 
the external nasal braneh to supply skin and adjaeent 
tissues. 

Vessels that supply the nasal eavities form extensive 
anastomoses with eaeh other. This is particularly evident 
in the anterior region of the medial wall where there are 
anastomoses between branehes of the greater palatine, 
sphenopalatine, superior labial, and anterior ethmoidal 
arteries, and where the vessels are relatively elose to the 
surface (Fig. 8.239B). This area is the major site of nose- 
bleeds, or epistaxis. 

Veins 

Veins draining the nasal eavities generally followthe arter- 

1084 ies (Fig. 8.240): 


Nasal vein in foramen cecum 


Drainage to cavernous 
sinus in eranial eavity 



Drainage to faeial vein 


Drainage to pterygoid plexus 

in infratemporal fossa 


Fig. 8.240 Venous drainage of the nasal eavities. 


Veins that pass with branehes that ultimately originate 
from the maxillary artery drain into the pterygoid 
plexus of veins in the infratemporal fossa. 

■ Veins from anterior regions of the nasal eavities join the 
faeial vein. 

In some indivkhials, an additional nasal vein passes 
superiorly through a midline aperture (the foramen 
cecum), in the frontal bone anterior to the erista galli, 
and joins with the anterior end of the superior sagittal 
sinus. Because this nasal vein eonneets an intraeranial 
venous sinus with extracranial veins, it is elassified as an 
emissary vein. Emissary veins in general are routes by 
which infeetions ean traek from peripheral regions into the 
eranial eavity. 

Veins that aeeompany the anterior and posterior 
ethmoidal arteries are tributaries of the superior ophthal- 
mie vein, which is one of the largest emissary veins and 
drains into the cavernous sinus on either side of the 
hypophyseal fossa. 
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Innervation 

Nerves that innervate the nasal eavities (Fig. 8.241) are: 

the olfaetory nerve [1] for olfaetion, and 

branehes of the ophthalmie [VJ and maxillary [V 2 ] 

nerves for general sensation. 

Seeretomotor innervation of mucous glands in 
the nasal eavities and paranasal sinuses is by parasympa- 
thetie fibers from the faeial nerve [VII], which mainly 
join branehes of the maxillary nerve [V 2 ] in the pterygo- 
palatine fossa. 

Olfaetory nerve [1] 

The olfaetory nerve [1] is eomposed of axons from reeeptors 
in the olfaetory epithelium at the top of eaeh nasal eavity. 
Bundles of these axons pass superiorly through perfora- 
tions in the eribriform plate to synapse with neurons in the 
olfaetory bulb of the brain. 


Branehes from the ophthalmie nerve [VJ 

Branehes from the ophthalmie nerve [VJ that innervate 
the nasal eavity are the anterior and posterior ethmoidal 
nerves, which originate from the nasoeiliary nerve in 
the orbit. 

Anterior and posterior ethmoidal nerves 

The anterior ethmoidal nerve (Fig. 8.241) travels with 
the anterior ethmoidal artery and leaves the orbit through 
a eanal between the ethmoidal labyrinth and the frontal 
bone. It passes through and supplies the adjaeent eth- 
moidal eells and frontal sinus, and then enters the 
eranial eavity immediately lateral and superior to the erib- 
riform plate. It then travels forward in a groove on the 
eribriform plate and enters the nasal eavity by deseending 
through a slit-likeforamenimmediately lateral to the erista 
galli. It has branehes to the medial and lateral wall of the 
nasal eavity and then continues forward on the undersur- 
faee of the nasal bone. It passes onto the external surface 
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Fig. 8.241 Innervation of the nasal eavities. A. Lateral wall of right nasal eavity. B. Medial wall of right nasal eavity. 
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of the nose by traveling between the nasal bone and lateral 
nasal eartilage, and then terminates as the external nasal 
nerve, which supplies skin around the naris, in the nasal 
vestibule, and on the tip of the nose. 

Like the anterior ethmoidal nerve, the posterior eth- 
moidal nerve leaves the orbit through a similar eanal in the 
medial wall of the orbit. It terminates by supplying the 
mucosa of the ethmoidal eells and sphenoidal sinus and 
normally does not extend into the nasal eavity itself. 

Branehes from the maxillary nerve [V 2 ] 

A number of nasal branehes from the maxillary nerve [V 2 ] 
innervate the nasal eavity. Many of these nasal branehes 
(Fig. 8.241) originate in the pterygopalatine fossa, which 
is just lateral to the lateral wall of the nasal eavity, and 
leave the fossa to enter the nasal eavity by passing medially 
through the sphenopalatine foramen or through smaller 
foramina in the lateral wall: 

■ A number of these nerves (posterior superior lateral 
nasal nerves) pass forward on and supply the lateral 
wall of the nasal eavity. 

Others (posterior superior medial nasal nerves) 

eross the roof to the nasal septum and supply both these 
regions. 

The largest of these nerves is the nasopalatine nerve, 
which passes forward and down the medial wall of the 
nasal eavity to pass through the ineisive eanal onto the 
roof of the oral eavity, and terminates by supplying 
the oral mucosa posterior to the ineisor teeth. 

Other nasal nerves (posterior inferior nasal nerves) 
originate from the greater palatine nerve, deseending 
from the pterygopalatine fossa in the palatine eanal just 
lateral to the nasal eavity, and pass through small bony 
foramina to innervate the lateral wall of the nasal 
eavity. 

A small nasal nerve also originates from the anterior 
superior alveolar braneh of the infra-orbital nerve and 
passes medially through the maxilla to supply the lateral 
wall near the anterior end of the inferior eoneha. 

Parasympathetie innervation 

Seeretomotor innervation of glands in the mucosa of the 
nasal eavity and paranasal sinuses is by preganglionie 
parasympathetie fibers earried in the greater petrosal 
braneh of the faeial nerve [VII]. These fibers enter the pter- 
ygopalatine fossa and synapse in the pterygopalatine gan- 
glion (see Fig. 8.153 and pp. 997-998). Postganglionie 
parasympathetie fibers then join branehes of the maxillary 
nerve [V 2 ] to leave the fossa and ultimately reaeh target 
1086 glands. 


Sympathetie innervation 

Sympathetie innervation, mainly involved with regulating 
blood flow in the nasal mucosa, is from spinal eord level T1. 
Preganglionie sympathetie fibers enter the sympathetie 
trunk and aseend to synapse in the superior eervieal sym- 
pathetie ganglion. Postganglionie sympathetie fibers pass 
onto the internal earotid artery, enter the eranial eavity, 
and then leave the internal earotid artery to form the deep 
petrosal nerve, which joins the greater petrosal nerve of 
the faeial nerve [VII] and enters the pterygopalatine fossa 
(see Figs. 8.152 and 8.153 andpp. 997-998). 

Like the parasympathetie fibers, the sympathetie fibers 
follow branehes of the maxillary nerve [V 2 ] into the nasal 
eavity. 

Lymphaties 

Lymph from anterior regions of the nasal eavities drains 
forward onto the faee by passing around the margins of the 
nares (Fig. 8.242). These lymphaties ultimately eonneet 
with the submandibular nodes. 
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Deep eervieal nodes 
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Lefì jugular trunk 
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Fig. 8.242 Lymphatie drainage of the nasal eavities. 
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Lymph from posterior regions of the nasal eavity and 
the paranasal sinuses drains into upper deep eervieal 
nodes. Some of this lymph passes first through the retro- 
pharyngeal nodes. 

ORAL CAVITY 

The oral eavity is inferior to thenasal eavities (Fig. 8.243A). 
It has a roof and floor and lateral walls, opens onto the faee 
through the oral fissure, and is continuous with the eavity 
of the pharynx at the oropharyngeal isthmus. 

Theroof of the oral eavity eonsists of the hard and soft 
palates. The floor is formed mainly of soft tissues, which 
include a muscular diaphragm and the tongue. The lateral 
walls (eheeks) are muscular and merge anteriorly with the 
lips surrounding the oral fissure (the anterior opening of 
the oral eavity). 

The posterior aperture of the oral eavity is the oropha- 
ryngeal isthimis, which opens into the oral part of the 
pharynx. 

The oral eavity is separated into two regions by the 
upper and lower dental arehes eonsisting of the teeth and 
alveolar bone that supports them (Fig. 8.243B): 

The outer oral vestibule, which is horseshoe shaped, 
is between the dental arehes and the deep surfaces of 
the eheeks and lips—the oral fissure opens into it and 


ean be opened and elosed by muscles of faeial expres- 
sion, and by movements of the lower jaw. 

The inner oral eavity proper is enelosed by the dental 
arehes. 

The degree of separation between the upper and lower 
arehes is established by elevating or depressing the lower 
jaw (mandible) at the temporomandibular joint. 

The oropharyngeal isthmus at the baek of the oral 
eavity proper ean be opened and elosed by surrounding soft 
tissues, which include the soft palate and tongue. 

The oral eavity has imiltiple functions: 

■ It is the inlet for the digestive system involved with the 
initial proeessing of food, which is aided by seeretions 
from salivary glands. 

It manipulates sounds produced by the larynx and one 
outcome of this is speeeh. 

It ean be used for breathing because it opens into the 
pharynx, which is a eommon pathway for food and air. For 
this reason, the oral eavity ean be used by physieians to 
aeeess the lower airway, and dentists use a rubber dams” to 
prevent debris such as tooth fragments from passing 
through the oropharyngeal isthmus and pharynx into 
either the esophagus or the lower airway. 
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Fig. 8.243 Oral eavity. A. Relationship to other eavities. B. Oral vestibule and oral eavity proper. 
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Multiple nerves innervate the oral eavity 

General sensory innervation is earried predominantly by 
branehes of the trigeminal nerve [V]: 

The upper parts of the eavity, including the palate and 
the upper teeth, are innervated by branehes of the max- 
illary nerve [V 2 ]. 

The lower parts, including the teeth and oral part of the 
tongue, are innervated by branehes of the mandibular 
nerve [V 3 ]. 

Taste (speeial afferent [SA]) from the oral part or ante- 
rior two-thirds of the tongue is earried by branehes of 
the faeial nerve [VII], which join and are distributed 
with branehes of the trigeminal nerve [V]. 

■ Parasympathetie fibers to the glands within the oral 
eavity are also earried by branehes of the faeial nerve 
[VII], which are distributed with branehes of the tri- 
geminal nerve [V]. 

■ Sympathetie fibers in the oral eavity ultimately eome 
from spinal eord levelTl, synapse in the superior eervi- 
eal sympathetie ganglion, and are eventually distrib- 
uted to the oral eavity along branehes of the trigeminal 
nerve [V] or direetly along blood vessels. 

All muscles of the tongue are innervated by the hypo- 
glossal nerve [XII], except the palatoglossus, which is 
innervated by the vagus nerve [X]. 

All muscles of the soft palate are innervated by the 
vagus nerve [X], except for the tensor veli palatini, which 
is innervated by a braneh from the mandibular nerve [V 3 ]. 
The muscle (mylohyoid) that forms the floor of the oral 
eavity is also innervated by the mandibular nerve [V 3 ]. 

Skeletal framevvork 

Bones that contribute to the skeletal framework of the oral 
eavity or are related to the anatomy of structures in the 
oral eavity include: 

the paired maxillae, palatine, and temporal bones, and 
the unpaired mandible, sphenoid, and hyoid bones. 

In addition, the cartilaginous parts of the pharyngo- 
tympanie tubes on the inferior aspeet of the base of the 
skull are related to the attaehment of muscles of the 
soft palate. 

Maxillae 

The two maxillae contribute substantially to the arehitee- 
ture of the roof of the oral eavity. The parts involved are 
the alveolar and palatine proeesses (Fig. 8.244A). 


The palatine proeess is a horizontal shelf that projeets 
from the medial surface of eaeh maxilla. It originates just 
superior to the medial aspeet of the alveolar proeess and 
extends to the midline where it is joined, at a suture, with 
the palatine proeess from the other side. Together, the two 
palatine proeesses form the anterior two-thirds of the hard 
palate. 

In the midline on the inferior surface of the hard palate 
and at the anterior end of the intermaxillary suture is a 
single small fossa (ineisive fossa) just behind the ineisor 
teeth. Two ineisive eanals, one on eaeh side, extend pos- 
terosuperiorly from the roof of this fossa to open onto the 
floor of the nasal eavity. The eanals and fossae allow 
passage of the greater palatine vessels and the nasopala- 
tine nerves. 

Palatine bones 

The parts of eaeh L-shaped palatine bone that contribute 
to the roof of the oral eavity are the horizontal plate and 
the pyramidal proeess (Fig. 8.244A). 

The horizontal plate projeets medially from the inferior 
aspeet of the palatine bone and is joined by sutures to its 
partner in the midline and, on the same side, with the pala- 
tine proeess of the maxilla anteriorly. 

A single posterior nasal spine is formed at the midline 
where the two horizontal plates join and projeets backward 
from the margin of the hard palate. The posterior margin 
of the horizontal plates and the posterior nasal spine are 
assoeiated with attaehment of the soft palate. 

The greater palatine foramen, formed mainly by the 
horizontal plate of the palatine bone and eompleted 
laterally by the adjaeent part of the maxilla, opens onto 
the posterolateral aspeet of the horizontal plate. This 
foramen is the inferior opening of the palatine eanal, 
which continues superiorly into the pterygopalatine fossa 
and transmits the greater palatine nerve and vessels to 
the palate. 

Also opening onto the palatine bone is the lesser pala- 
tine foramen. This foramen is the inferior opening of the 
lesser palatine eanal, which branehes from the greater 
palatine eanal and transmits the lesser palatine nerve and 
vessels to the soft palate. 

The pyramidal proeess projeets posteriorly and fills 
the spaee between the inferior ends of the medial and 
lateral plates of the pterygoid proeess of the sphenoid 
bone. 

Sphenoid bone 

The pterygoid proeesses and spines of the sphenoid 
bone are assoeiated with structures related to the soft 
palate, which forms part of the roof of the oral eavity 

(Fig. 8.244A). 
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Fig. 8.244 Base and lateral aspeets of the skull. A. Features in the base of the skull related to structures assoeiated with the oral eavity. 
B. Styloid proeess of the temporal bone. 
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The pterygoid proeesses deseend, one on eaeh side, from 
the lateral aspeet of the body of the sphenoid bone. Eaeh 
proeess has a medial and a lateral plate. These two verti- 
eally oriented plates projeet from the posterior aspeet of the 
proeess. The V-shaped gap that occurs inferiorly between 
the two plates is filled by the pyramidal proeess of the pala- 
tine bone. 

Projeeting posterolaterally from the inferior margin of 
the medial plate of the pterygoid proeess is an elongate 
hook-shaped structure (the pterygoid hamulus). This 
hamulus is immediately behind the alveolar areh and infe- 
rior to the posterior margin of the hard palate. It is: 

■ a “pulley” for one of the muscles (tensor veli palatini) of 
the soft palate, and 

■ the attaehment site for the upper end of the pterygo- 
mandibular raphe, which is attaehed below to the man- 
dible and joins together the superior eonstrietor of the 
pharynx and the buccinator muscle of the eheek. 

At the root of the medial plate of the pterygoid proeess 
on the base of the skull is a small eanoe-shaped fossa 
(seaphoid fossa), which begins just medial to the foramen 
ovale and deseends anteriorly and medially to the root of 
the medial plate of the pterygoid proeess (Fig. 8.244A). 
This fossa is for the attaehment of one of the imiseles of 
the soft palate (tensor veli palatini). 

The spines of the sphenoid, one on eaeh side, are verti- 
eal projeetions from the inferior surfaces of the greater 
wings of the sphenoid bone (Fig. 8.244A). Eaeh spine is 
immediately posteromedial to the foramen spinosum. 

The medial aspeet of the spine provides attaehment for 
the most lateral part of the tensor veli palatini muscle of 
the soft palate. 

Temporal bone 

The styloid proeess and inferior aspeet of the petrous part 
of the temporal bone provide attaehmentfor muscles asso- 
eiated with the tongue and soft palate, respeetively. 

The styloid proeess projeets anteroinferiorly from 
the underside of the temporal bone. It ean be as long as 
1 ineh (2.5 em) and points toward the lesser horn of 
the hyoid bone to which it is attaehed by the stylohyoid 
ligament (Fig. 8.244B). The root of the styloid proeess is 
immediately anterior to the stylomastoid foramen and 
lateral to the jugular foramen. The styloglossus muscle of 
the tongue attaehes to the anterolateral surface of the 
styloid proeess. 

The inferior aspeet of the temporal bone has a triangu- 
lar roughened area immediately anteromedial to the 
opening of the earotid eanal (Fig. 8.244A). The levator veli 
1090 palatini muscle of the soft palate is attaehed here. 


Cartilaginous part of the pharyngotympanie tube 

The trumpet-shaped cartilaginous part of the pharyngo- 
tympanie tube is in a groove between the anterior 
margin of the petrous part of the temporal bone and 
the posterior margin of the greater wing of the sphenoid 

(Fig. 8.244A). 

The medial and lateral walls of the cartilaginous part of 
the pharyngotympanie tube are formed mainly of earti- 
lage, whereas the more inferolateral wall is more fibrous 
and is known as the membranous lamina. 

The apex of the cartilaginous part of the pharyngotym- 
panie tube eonneets laterally to the opening of the bony 
part in the temporal bone. 

The expanded medial end of the cartilaginous part of 
the pharyngotympanie tube is immediately posterior to the 
upper margin of the medial plate of the pterygoid proeess 
and opens into the nasopharynx. 

The cartilaginous part of the pharyngotympanie tube is 
lateral to the attaehment of the le vator veli palatini muscle 
to the petrous part of the temporal bone and medial to the 
spine of the sphenoid. The tensor veli palatini muscle is 
attaehed, in part, to the membranous lamina. 

Mandible 

The mandible is the bone of the lower jaw (Fig. 8.245). It 
eonsists of a body of right and left parts, which are fused 
anteriorly in the midline (mandibular symphysis), and 
two rami. The site of fusion is particularly visible on the 
external surface of the bone as a small vertieal ridge in the 
midline. 

The upper surface of the body of the mandible bears the 
alveolar areh (Fig. 8.245B), which anehors the lower teeth, 
and on its external surface on eaeh side is a small mental 
foramen (Fig. 8.245B). 

Posterior to the mandibular symphysis on the internal 
surface of the mandible are two pairs of small spines, one 
pair immediately above the other pair. These are the supe- 
rior and inferior mental spines (superior and inferior 
genial spines) (Fig. 8.24 5 A P C), and are attaehment sites 
for a pair of imiseles that pass into the tongue and a pair 
of imiseles that eonneet the mandible to the hyoid bone. 

Extending from the midline and originating inferior to 
the mental spines is a raised line or ridge (the mylohyoid 
line) (Fig. 8.245C), which runs posteriorly and superiorly 
along the internal surface of eaeh side of the body of the 
mandible to end just below the level of the last molar tooth. 

Above the anterior one-third of the mylohyoid line is a 
shallow depression (the sublingual fossa) (Fig. 8.245C), 
and below the posterior two-thirds of the mylohyoid 
line is another depression (the submandibular fossa) 

(Fig. 8.245C). 
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Between the last molar tooth and the mylohyoid line is 
a shallow groove for the lingual nerve. 

Immediately posterior to the last molar tooth on the 
medial upper surface of the body of the mandible is a 
small triangular depression (retromolar triangle) (Fig. 
8.24 5Á,C), The pterygomandibular raphe attaehes just 


medial to the apex of this triangle and extends from here 
to the tip of the pterygoid hamulus above. 

The ramus of the mandible, one on eaeh side, is quad- 
rangular shaped and oriented in the sagittal plane. On the 
medial surface of the ramus is a large mandibiilar 
foramen for transmission of the inferior alveolar nerve 
and vessels (Fig. 8.245C). 
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Fig. 8.245 Mandible. A. Superior view. B. Lateral view. C. Medial 
view. 


Hyoid bone 

The hyoid bone is a small U-shaped bone in the neek 
between the larynx and the mandible. It has an anterior 
body of hyoid bone and two large greater horns, one on 
eaeh side, which projeet posteriorly and superiorly from the 
body (Fig. 8.246). There are two small eonieal lesser horns 
on the superior surface where the greater horns join with 
the body. The stylohyoid ligaments attaeh to the apiees of 
the lesser horns. 

The hyoid bone is a key bone in the neek because it eon- 
neets the floor of the oral eavity in front with the pharynx 
behind and the larynx below. 


Walls: the eheeks 

The walls of the oral eavity are formed by the eheeks. 

Eaeh eheek eonsists of faseia and a layer of skeletal 
muscle sandwiched between skin externally and oral 
mucosa internally. The thin layer of skeletal muscle within 
the eheeks is prineipally the buccinator muscle. 
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Fig. 8.246 Hyoid bone. A. Anterior view. B. Lateral view. 
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Buccinator 

The biieeinator muscle is one of the rmiseles of faeial 
expression (Fig. 8.247; also see p. 909). It is in the same 
plane as the superior eonstrietor muscle of the pharynx. In 
faet, the posterior margin of the buccinator muscle is 
joined to the anterior margin of the superior eonstrietor 
muscle by the pterygomandibular raphe, which runs 
between the tip of the pterygoid hamulus of the sphenoid 
bone above and a roughened area of bone immediately 
behind the last molar tooth on the mandible below. 

The buccinator and superior eonstrietor muscles there- 
fore provide continuity between the walls of the oral and 
pharyngeal eavities. 


Orbicularis oris 

Buccinator 
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Superior eonstrietor 
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Fig. 8.247 Buccinator muscle. 


The buccinator muscle, in addition to originating from 
the pterygomandibular raphe, also originates direetly from 
the alveolar part of the mandible and alveolar proeess of 
the maxilla. 

From its three sites of origin, the muscle fibers of the 
buccinator run forward to blend with those of the orbicu- 
laris oris muscle and to insert into the modiolus, which is 
a small button-shaped nodule of eonneetive tissue at the 
interfaee between the muscles of the lips and eheeks on 
eaeh side. 

The buccinator muscle holds the eheeks against the 
alveolar arehes and keeps food between the teeth when 
chewing. 

The buccinator is innervated by the buccal braneh of 
the faeial nerve [VII]. General sensation from the skin and 
oral mucosa of the eheeks is earried by the buccal braneh 
of the mandibular nerve [V 3 ]. 


Floor 

The floor of the oral eavity proper is formed mainly by three 
structures: 

a muscular diaphragm, which fills the U-shaped gap 
between the left and right sides of the body of the man- 
dible and is eomposed of the paired mylohyoid muscles; 
two eord-like geniohyoid muscles above the diaphragm, 
which mn from the mandible in front to the hyoid bone 
behind; and 

the tongue, whichis superior to the geniohyoid muscles. 

Also present in the floor of the oral eavity proper are 
salivary glands and their ducts. The largest of these glands, 
on eaeh side, are the sublingual gland and the oral part of 
the submandibular gland. 

Mylohyoid muscles 

Thetwothinmylohyoid imiseles (Table 8.20), one on eaeh 
side, together form a muscular diaphragm that defines the 


Table 8.20 

Muscles in the floor of the oral eavity 



Musde 

Origin 

Insertion 

Innervation 

Function 

Mylohyoid 

Mylohyoid line of mandible 

Median fibrous raphe and 
adjaeent part of hyoid bone 

Nerve to mylohyoid from the 
inferior alveolar braneh of 
mandibular nerve [V 3 ] 

Supports and elevates floor of 
oral eavity; depresses mandible 
when hyoid is fixed; elevates and 
pulls hyoid forward when 
mandible is fixed 

Geniohyoid 

Inferior mental spines of 
mandible 

Body of hyoid bone 

C1 

Elevates and pulls hyoid bone 
forward; depresses mandible 
when hyoid is fixed 
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inferior limit of the floor of the oral eavity (Fig. 8.248A). 
Eaeh muscle is triangular in shape with its apex pointed 
forward. 

The lateral margin of eaeh triangular muscle is attaehed 
to the mylohyoid line on the medial side of the body of the 
mandible. From here, the muscle fìbers run slightly down- 
ward to the medial margin at the midline where the fìbers 
are joined together with those of their partner muscle on 
the other side by a raphe. The raphe extends from the pos- 
terior aspeet of the mandibular symphysis in front to the 
body of the hyoid bone behind. 

The posterior margin of eaeh mylohyoid muscle is free 
except for a small medial attaehment to the hyoid bone. 
The mylohyoid muscles: 

■ contribute structural support to the floor of the oral 
eavity, 


partieipate in elevating and pulling forward the hyoid 
bone, and therefore the attaehed larynx, during the 
initial stages of swallowing, and 
when the hyoid bone is fìxed in position, depress the 
mandible and open the mouth. 

Like the muscles of mastieation, the mylohyoid muscles 
are innervated by the mandibular nerve [V 3 ]. The speeifìe 
braneh that innervates the mylohyoid muscles is the nerve 
to the mylohyoid from the inferior alveolar nerve. 

Geniohyoid musdes 

The geniohyoid muscles ( Table 8.20) are paired eord-like 
muscles that run, one on either side of the midline, from 
the inferior mental spines on the posterior surface of the 
mandibular symphysis to the anterior surface of the body 
of the hyoid bone (Fig. 8.248B,C). They are immediately 
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Fig. 8.248 A. Mylohyoid muscles. B. Geniohyoid muscles. C. Lateral view. 
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superior to the mylohyoid muscles in the floor of the mouth 
and inferior to the genioglossus muscles that form part of 
the root of the tongue. 

The geniohyoid muscles: 

mainly pull the hyoid bone, and therefore the attaehed 
larynx, up and forward during swallowing; and 
because they pass posteroinferiorly from the mandible 
to the hyoid bone, when the hyoid bone is fìxed, they ean 
aet with the mylohyoid muscles to depress the mandible 
and open the mouth. 

Unlike other muscles that move the mandible at the 
temporomandibular joint, the geniohyoid muscles are 
innervated by a braneh of eervieal nerve Cl, which “hiteh- 
hikes” from the neek along the hypoglossal nerve [XII] into 
the floor of the oral eavity. 


Gatevvay into the floor of the oral eavity 

In addition to defìning the lower limit of the floor of the 
oral eavity, the free posterior border of the mylohyoid 
muscle on eaeh side forms one of the three margins of a 
large triangular aperture (oropharyngeal triangle), 
which is a major route by which structures in the upper 
neek and infratemporal fossa of the head pass to and from 
structures in the floor of the oral eavity (Fig. 8.249). The 
other two muscles that eomplete the margins of the aper- 
ture are the superior and middle eonstrietor muscles of the 
pharynx. 

Most structures that pass through the aperture are asso- 
eiated with the tongue and include muscles (hyoglossus, 
styloglossus), vessels (lingual artery and vein), nerves 
(lingual, hypoglossal [XII], glossopharyngeal [IX]), and 
lymphaties. 


Triangular aperture (oropharyngeal triangle) betvveen mylohyoid, 

superior eonstrietor, and middle eonstrietor 
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Fig. 8.249 Gatevvay into the floor of the oral eavity. 
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A large salivary gland (the submandibular gland) 
is “hooked” around the free posterior margin of the mylo- 
hyoid muscle and therefore also passes through the 
opening. 

Tongue 

The tongue is a muscular structure that forms part of the 
floor of the oral eavity and part of the anterior wall of the 
oropharynx (Fig. 8.250A). Its anterior part is in the oral 
eavity and is somewhat triangular in shape with a blunt 
apex of the tongue. The apex is direeted anteriorly and 
sits immediately behind the ineisor teeth. The root of the 
tongue is attaehed to the mandible and the hyoid bone. 

The superior surface of the oral or anterior two-thirds 
of the tongue is oriented in the horizontal plane. 

The pharyngeal surface or posterior one-third of the 
tongue curves inferiorly and beeomes oriented more in the 
vertieal plane. The oral and pharyngeal surfaces are sepa- 
rated by a V-shaped terminal sulcus of the tongue. This 
terminal sulcus forms the inferior margin of the oropha- 
ryngeal isthmus between the oral and pharyngeal eavities. 
At the apex of the V-shaped sulcus is a small depression 
(the foramen cecum of the tongue), which marks the 
site in the embryo where the epithelium invaginated to 


form the thyroid gland. In some people a thyroglossal duct 
persists and eonneets the foramen cecum on the tongue 
with the thyroid gland in the neek. 

Papillae 

The superior surface of the oral part of the tongue is 
eovered by hundreds of papillae (Fig. 8.250B): 

Filiform papillae are small eone-shaped projeetions of 
the imieosa that end in one or more points. 

■ Fungiform papillae are rounder in shape and larger 
than the filiform papillae, and tend to be eoneentrated 
along the margins of the tongue. 

■ The largest of the papillae are the vallate papillae, which 
are blunt-ended eylindrieal papillae invaginations in the 
tongue’s surface—there are only about 8 to 12 vallate 
papillae in a single V-shaped line immediately anterior 
to the terminal sulcus of the tongue. 

Foliate papillae are linear folds of mucosa on the sides 
of the tongue near the terminal sulcus of tongue. 

The papillae in general inerease the area of eontaet 
between the surface of the tongue and the eontents of the 
oral eavity. All except the filiform papillae have taste buds 
on their surfaces. 
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Fig. 8.250 Tongue. A. Paramedian sagittal seetion. B. Superior view. 
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Inferior surface of tongue 

The undersurface of the oral part of the tongue laeks papil- 
lae, but does have a number of linear mucosal folds (see 
Fig. 8.261). A single median fold (the fremihim of the 
tongue) is continuous with the mucosa eovering the floor 
of the oral eavity, and overlies the lower margin of a midline 
sagittal septum, which internally separates the right and 
left sides of the tongue. On eaeh side of the frenulum is 
a lingual vein, and lateral to eaeh vein is a rough fìmbri- 
ated fold. 

Pharyngeal surface 

The mucosa eovering the pharyngeal surface of the tongue 
is irregular in contour because of the many small nodules 


of lymphoid tissue in the submucosa. These nodules are 
eolleetively the lingual tonsil. 

There are no papillae on the pharyngeal surface. 

Muscles 

Thebulkof thetongueis eomposed of rmisele (Fig. 8.250 
and Table 8.21). 

The tongue is eompletely divided into left and right 
halves by a median sagittal septum eomposed of 
eonneetive tissue. This means that all muscles of the 
tongue are paired. There are intrinsie and extrinsic lingual 
muscles. 

Except for the palatoglossus, which is innervated by the 
vagus nerve [X], all muscles of the tongue are innervated 
by the hypoglossal nerve [XII]. 


Table 8.21 Muscles of the tongue 


Origin 


Insertion 


Innervation 


Fiinetion 


Muscle 

intrinsie 

Superior longitudinal (just 
deep to surface of tongue) 

Inferior longitudinal 
(between genioglossus 
and hyoglossus muscles) 

Transverse 

Vertieal 

Extrinsic 

Genioglossus 

Hyoglossus 

Styloglossus 

Palatoglossus 


Submucosal eonneetive 
tissue at the baek of the 
tongue and from the 
median septum of the 
tongue 

Root of tongue(somefibers 
from hyoid) 

Median septum of the 
tongue 

Submucosal eonneetive 
tissue on dorsum of tongue 

Superior mental spines 

Greater horn and adjaeent 
part of body of hyoid bone 

Styloid proeess 
(anterolateral surface) 

Inferior surface of palatine 
aponeurosis 


Muscle fibers pass 
forward and obliquely to 
submucosal eonneetive 
tissue and mucosa on 
margins of tongue 

Apex of tongue 


Submucosal eonneetive 
tissueon lateral margins 
oftongue 

Connective tissue in more 
ventral regions of tongue 

Body of hyoid; entire 
length of tongue 

Lateral surface of tongue 
Lateral surface of tongue 
Lateral margin of tongue 


Hypoglossal nerve [XII] 

Hypoglossal nerve [XII] 

Hypoglossal nerve [XII] 

Hypoglossal nerve [XII] 

Hypoglossal nerve [XII] 

Hypoglossal nerve [XII] 

Hypoglossal nerve [XII] 

Vagus nerve [X] (via 
pharyngeal braneh to 
pharyngeal plexus) 


Shortens tongue; curls apex 
and sides of tongue 


Shortens tongue; uncurls 
apex and turns it downward 

Narrows and elongates 
tongue 

Flattens and widens tongue 

Protrudes tongue; depresses 
eenter of tongue 

Depresses tongue 

Elevates and retraets tongue 

Depresses palate; moves 
palatoglossal fold toward 
midline; elevates baek of the 
tongue 
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Intrinsie muscles 

The intrinsie muscles of the tongue (Fig. 8.251) originate 
and insert within the substance of the tongue. They are 
divided into superior longitudinal, inferior longitudi- 
nal, transverse, and vertieal muscles, and they alter the 
shape of the tongue by: 

lengthening and shortening it, 

curling and uncurling its apex and edges, and 

flattening and rounding its surface. 

Working in pairs or one side at a time the intrinsie 
nmseles of the tongue contribute to preeision move- 
ments of the tongue required for speeeh, eating, and 
swallowing. 


Extrinsic muscles 

Extrinsic muscles of the tongue (Fig. 8.251 and Table 
8.21) originate from structures outside the tongue and 
insert into the tongue. There are four major extrinsic 
muscles on eaeh side, the genioglossus, hyoglossus, stylo- 
glossus, and palatoglossus. These muscles protrude, retraet, 
depress, and elevate the tongue. 

Genioglossus 

The thiek fan-shaped genioglossus muscles make a sub- 
stantial contribution to the structure of the tongue. They 
occur on either side of the midline septum that separates 
left and right halves of the tongue. 

The genioglossus muscles originate from the superior 
mental spines on the posterior surface of the mandibular 
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Fig. 8.251 Muscles of the tongue. 
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symphysis immediately siiperior to the origin of the genio- 
hyoid muscles from the inferior mental spines (Fig. 8.2 5 2 ). 
From this small site of origin, eaeh muscle expands poste- 
riorly and superiorly. The most inferior fibers attaeh to the 
hyoid bone. The remaining fibers spread out superiorly to 
blend with the intrinsie muscles along virtually the entire 
length of the tongue. 

The genioglossus muscles: 

depress the eentral part of the tongue, and 
protmde the anterior part of the tongue out of the oral 
fissure (i.e., stiek the tongue out). 

Like most muscles of the tongue, the genioglossus 
muscles are innervated by the hypoglossal nerves [XII]. 


Asking a patient to “stiek your tongue out” ean be used 
as a test for the hypoglossal nerves [XII]. If the nerves are 
fiinetioning normally, the tongue should protrude evenly 
in the midline. If the nerve on one side is not fully func- 
tional, the tip of the tongue will point to that side. 

Hyoglossus 

The hyoglossus muscles are thin quadrangular muscles 
lateral to the genioglossus muscles (Fig. 8.253). 

Eaeh hyoglossus muscle originates from the entire 
length of the greater horn and the adjaeent part of the 
body of the hyoid bone. At its origin from the hyoid 
bone, the hyoglossus muscle is lateral to the attaehment 
of the middle eonstrietor muscle of the pharynx. The 
muscle passes superiorly and anteriorly through the gap 
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Fig. 8.252 Genioglossus muscles. A. Posterior view. B. Lateral (left) view 
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Fig. 8.253 Hyoglossus muscles. A. Posterior view. B. Lateral (left) view. 
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(oropharyngeal triangle) between the superior eonstrietor, 
middle eonstrietor, and mylohyoid to insert into the tongue 
lateral to the genioglossus and medial to the styloglossus. 

The hyoglossus muscle depresses the tongue and is 
innervated by the hypoglossal nerve [XII]. 

An important landmark. The hyoglossus muscle is an 
important landmark in the floor of the oral eavity: 

The lingual artery from the external earotid artery in 
the neek enters the tongue deep to the hyoglossus, 
between the hyoglossus and genioglossus. 

■ The hypoglossal nerve [XII] and lingual nerve (braneh 
of the mandibular nerve [V 3 ]), from the neek and infra- 
temporal fossa of the head, respeetively, enter the tongue 
on the external surface of the hyoglossus. 


Styloglossus 

The styloglossus muscles originate from the anterior 
surface of the styloid proeesses of the temporal bones. 
From here, eaeh muscle passes inferiorly and medially 
through the gap (oropharyngeal triangle) between the 
middle eonstrietor, superior eonstrietor, and mylohyoid 
muscles to enter the lateral surface of the tongue where 
they blend with the superior margin of the hyoglossus and 
with the intrinsie imiseles (Fig. 8.254). 
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The styloglossus muscles retraet the tongue and pull the 
baek of the tongue superiorly. They are innervated by the 
hypoglossal nerves [XII]. 

Palatoglossus 

The palatoglossus muscles are muscles of the soft palate 
and the tongue. Eaeh originates from the undersurface of 
the palatine aponeurosis and passes anteroinferiorly to the 
lateralside of the tongue (Fig. 8.255). 

The palatoglossus muscles: 

elevate the baek of the tongue, 

■ move the palatoglossal arehes of rmieosa toward the 
midline, and 

■ depress the soft palate. 

These movements faeilitate elosing of the oropharyn- 
geal isthmus and as a result separate the oral eavity from 
the oropharynx. 

Unlike other muscles of the tongue, but similar to most 
other muscles of the soft palate, the palatoglossus muscles 
are innervated by the vagus nerves [X]. 


Hard palate 



Uvula 


Palatine aponeurosis 
of soft palate 


Palatoglossus 
muscle (underlies 
the palatoglossus 
areh of mucosa) 


Fig. 8.254 Styloglossus muscles. 


Fig. 8.255 Palatoglossus muscles. 
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Vessels 

Arteries 

The major artery of the tongue is the lingual artery 

(Fig. 8.256). 

On eaeh side, the lingual artery originates from the 
external earotid artery in the neek adjaeent to the tip of 
the greater horn of the hyoid bone. It forms an upward 
bend and then loops downward and forward to pass deep 
to the hyoglossus muscle, and aeeompanies the muscle 
through the aperture (oropharyngeal triangle) formed by 
the margins of the mylohyoid, superior eonstrietor, and 
middle eonstrietor muscles, and enters the floor of the 
oral eavity. 

The lingual artery then travels forward in the plane 
between the hyoglossus and genioglossus muscles to the 
apex of the tongue. 

In addition to the tongue, the lingual artery supplies the 
sublingual gland, gingiva, and oral mucosa in the floor of 
the oral eavity. 

Veins 

The tongue is drained by dorsal lingual and deep lingual 
veins (Fig. 8.256). 

The deep lingual veins are visible through the 
mucosa on the undersurface of the tongue. Although they 


Chorda tympani (from [VII}) 


Glossopharyngeal 
nerve [IX] 


Lingual nerve 
(from [V 3 ]) 


Hyoglossus 

Deep lingual vein 
Dorsal lingual vein 

Lingual artery 


Hypoglossal 


Ooeipital 



Common earotid artery 

Internal jugular vein 
Sternoeleidomastoid braneh of oeeipital artery 


Fig. 8.256 Arteries, veins, and nerves of the tongue. 


aeeompany the lingual arteries in anterior parts of the 
tongue, they beeome separated from the arteries posteri- 
orly by the hyoglossus muscles. On eaeh side, the deep 
lingual vein travels with the hypoglossal nerve [XII] on the 
external surface of the hyoglossus muscle and passes out 
of the floor of the oral eavity through the aperture formed 
by the margins of the mylohyoid, superior eonstrietor, and 
middle eonstrietor muscles. It joins the internal jugular 
vein in the neek. 

The dorsal lingual vein follows the lingual artery 
between the hyoglossus and genioglossus muscles and, like 
the deep lingual vein, drains into the internal jugular vein 
in the neek. 

Innervation 

Innervation of the tongue is complex and involves a 
number of nerves (Figs. 8.256 and 8.257). 

Glossopharyngeal nerve [IX] 

Taste (SA) and general sensation from the pharyngeal 
part of the tongue are earried by the glossopharyngeal 
nerve [IX]. 

The glossopharyngeal nerve [IX] leaves the skull 
through the jugular foramen and deseends along the 


Sensory 


Anterior two-thirds (oral) 
• General sensation 
mandibular nerve [V 3 ] 
via lingual nerve 


Posterior one-third (pharyngeal) 


Speeial sensation (taste) • General and speeial 


faeial nerve [VII] via 
ehorda tympani 


(taste) sensation via 
glossopharyngeal nerve [IX] 


Motor 


Hypoglossal 
nerve [XII] 



intrinsie muscle 
Genioglossus 
Hyoglossus 
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Palatoglossus - vagus nerve [X] 


Fig. 8.257 Innervation of the tongue. 
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posterior surface of the stylopharyngeus muscle. It passes 
around the lateral surface of the stylopharyngeus and then 
slips through the posterior aspeet of the gap (oropharyn- 
geal triangle) between the superior eonstrietor, middle eon- 
strietor, and mylohyoid muscles. The nerve then passes 
forward on the oropharyngeal wall just below the inferior 
pole of the palatine tonsil and enters the pharyngeal part 
of the tongue deep to the styloglossus and hyoglossus 
muscles. In addition to taste and general sensation on the 
posterior one-third of the tongue, branehes ereep anterior 
to the terminal sulcus of the tongue to earry taste (SA) and 
general sensation from the vallate papillae. 

Lingual nerve 

General sensory innervation from the anterior two-thirds 
or oral part of the tongue is earried by the lingual nerve, 
which is a major braneh of the mandibular nerve [V 3 ]. It 
originates in the infratemporal fossa and passes anteriorly 
into the íloor of the oral eavity by passing through the gap 
(oropharyngeal triangle) between the mylohyoid, superior 
eonstrietor, and middle eonstrietor muscles (Fig. 8.258). 
Asittravels through the gap, itpasses immediately inferior 
to the attaehment of the superior eonstrietor to the man- 
dible and continues forward on the medial surface of the 
mandible adjaeent to the last molar tooth and deep to the 
gingiva. In this position, the nerve ean be palpated against 
the bone by plaeing a fìnger into the oral eavity. 

The lingual nerve then continues anteromedially aeross 
the floor of the oral eavity, loops under the submandibular 
duct, and aseends into the tongue on the external and 
superior surface of the hyoglossus muscle. 



Lingual nerve 


Chorda tympani 


Submandibular duct 


Superior 

eonstrietor 


Msddle eonstrietor 


Fig. 8.258 Lingual nerve in the floor of the oral eavity (medial 
view). 


In addition to general sensation from the oral part of the 
tongue, the lingual nerve also earries general sensation 
from the imieosa on the floor of the oral eavity and gingiva 
assoeiated with the lower teeth. The lingual nerve also 
earries parasympathetie and taste fìbers from the oral part 
of the tongue that are part of the faeial nerve [VII]. 

Faeial nerve [VII] 

Taste (SA) from the oral part of the tongue is earried into 
the eentral nervous system by the faeial nerve [VII]. Speeial 
sensory (SA) fìbers of the faeial nerve [VII] leave the tongue 
and oral eavity as part of the lingual nerve. The fìbers then 
enter the ehorda tympani nerve, which is a braneh of the 
faeial nerve [VII] that joins the lingual nerve in the infra- 
temporal fossa (Fig. 8.258; also see p. 987). 

Hypoglossal nerve [XII] 

All muscles of the tongue are innervated by the hypoglos- 
sal nerve [XII] except for the palatoglossus muscle, which 
is innervated by the vagus nerve [X]. 

The hypoglossal nerve [XII] leaves the skull through the 
hypoglossal eanal and deseends almost vertieally in 
the neek to a level just below the angle of the mandible 
(Fig. 8.259). Here it angles sharply forward around the 
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Nerve to geniohyoid (C1) 
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to thyrohyoid 


Thyrohyoid 


Superior root of 
ansa eerviealis 


Fig. 8.259 Hypoglossal nerve and C1 fibers. 
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sternoeleidomastoid braneh of the oeeipital artery, erosses 
the external earotid artery, and continues forward, eross- 
ing the loop of the lingual artery, to reaeh the external 
surface of the lower one-third of the hyoglossus muscle. 

The hypoglossal nerve [XII] follows the hyoglossus 
muscle through the gap (oropharyngeal triangle) between 
the superior eonstrietor, middle eonstrietor, and mylohyoid 
muscles to reaeh the tongue. 

In the upper neek, a braneh from the anteriorramus of 
C1 joins the hypoglossal nerve [XII]. Most of these C1 fibers 
leave the hypoglossal nerve [XII] as the superior root of the 
ansa eerviealis (Fig. 8.259). Near the posterior border of 
the hyoglossus muscle, the remaining fibers leave the hypo- 
glossal nerve [XII] and form two nerves: 

■ the thyrohyoid braneh, which remains in the neek to 
innervate the thyrohyoid muscle, and 
the braneh to the geniohyoid, whichpasses into the floor 
of the oral eavity to innervate the geniohyoid. 

Lymphaties 

All lymphatie vessels from the tongue ultimately drain 
into the deep eervieal ehain of nodes along the internal 
jugular vein: 

The pharyngeal part of the tongue drains through the 
pharyngeal wall direetly into mainly the jugulodigastric 
node of the deep eervieal ehain. 

The oral part of the tongue drains both direetly into the 
deep eervieal nodes, and indireetly into these nodes by 
passing first through the mylohyoid muscle and into 
submental and submandibular nodes. 

The submental nodes are inferior to the mylohyoid 
muscles and between the digastrie rmiseles, while the sub- 
mandibular nodes are below the floor of the oral eavity 
along the inner aspeet of the inferior margins of the 
mandible. 

The tip of the tongue drains through the mylohyoid 
muscle into the submental nodes and then into mainly the 
jugulo-omohyoid node of the deep eervieal ehain. 


Salivary glands 

Salivary glands are glands that open or seerete into the oral 
eavity. Most are small glands in the submucosa or mucosa 
of the oral epithelium lining the tongue, palate, eheeks, 
and lips, and open into the oral eavity direetly or via small 
ducts. In addition to these small glands are much larger 
glands, which include the paired parotid, submandibular, 
1102 and sublingual glands. 


Parotid gland 

The parotid gland (seepp. 911-912) on eaeh side is entirely 
outside the boundaries of the oral eavity in a shallow 
triangular-shaped treneh (Fig. 8.260) formed by: 

the sternoeleidomastoid muscle behind, 
the ramus of the mandible in front, and 
superiorly, the base of the treneh is formed by the exter- 
nal acoustic meatus and the posterior aspeet of the 
zygomatie areh. 

The gland normally extends anteriorly over the masse- 
ter rmisele, and inferiorly over the posterior belly of the 
digastrie muscle. 

The parotid duct passes anteriorly aeross the external 
surface of the masseter muscle and then turns medially to 
penetrate the buccinator muscle of the eheek and open 
into the oral eavity adjaeent to the crown of the seeond 
upper molar tooth. 

The parotid gland eneloses the external earotid artery, 
the retromandibular vein, and the origin of the extracra- 
nial part of the faeial nerve [VII]. 


Biieeinator 


Masseter 


Parotid gland 

External acoustic meatus 



(penetrates buccinator opposite Sternoeleidomastoid 

crown of 2nd upper molar tooth) 


Fig. 8.260 Parotid gland. 
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Submandibular glands 

The elongate submandibular glands are smaller than 
the parotid glands but larger than the sublingual glands. 
Eaeh is hook shaped (Fig. 8.261A,B): 

The larger arm of the hook is direeted forward in the 
horizontal plane below the mylohyoid muscle and is 
therefore outside the boundaries of the oral eavity—this 
larger superficial part of the gland is direetly against a 
shallow impression on the medial side of the mandible 
(submandibular fossa) inferior to the mylohyoid line. 
The smaller arm of the hook (or deep part) of the gland 
loops around the posterior margin of the mylohyoid 
muscle to enter and lie within the floor of the oral eavity 
where it is lateral to the root of the tongue on the lateral 
surface of the hyoglossus muscle. 


The submandibular duct emerges from the medial 
side of the deep part of the gland in the oral eavity and 
passes forward to open on the summit of a small sublin- 
gual caruncle (papilla) beside the base of the frenulum of 
the tongue (Fig. 8.261C,D). 

The lingual nerve loops under the submandibular 
duct, erossing first the lateral side and then the medial 
side of the duct, as the nerve deseends anteromedially 
through the floor of the oral eavity and then aseends into 
the tongue. 

Sublingual glands 

The sublingual glands are the smallest of the three major 
paired salivary glands. Eaeh is almond shaped and is imme- 
diately lateral to the submandibular duct and assoeiated 
lingual nerve in the floor of the oral eavity (Fig. 8.261). 


Pterygomandibiilar raphe 


Sublingual gland 


Submandibular duct 


Small ducts of 


A 





Frenulum of 
tongue 


Opening of ducts 
from sublingual gland 


Lingirat nerve 


Superior 

eonstrietor 

muscle 


Opening of 
C submandibular duct 


Superficial 


- Submandibular- 

gland 




Superficial 


B 


Hyoglossus 

muscle 


Genioglossus muscle 


Lingual vein 


Frenulum of tongue 

Opening of left 
submandibular duct 


Deep Iíngual vem 


Submandíbular duct 


Sublingual fold overlying 
sublingual gland 



Sublingual eamneles 


Sublingual caruncle 


D 


Fig. 8.261 Submandibular and sublingual glands. A. Medial view. B. Posterior view. C. Anterior view. D. Anterosuperior view. 


1103 

























































Head and Neek 



1104 


Eaeh sublingual gland lies direetly against the medial 
surface of the mandible where it forms a shallow groove 
(sublingual fossa) superior to the anterior one-third of the 
mylohyoid line. 

The superior margin of the sublingual gland raises an 
elongate fold of mucosa (sublingual fold), which extends 
from the posterolateral aspeet of the floor of the oral eavity 
to the sublingual papilla beside the base of the frenulum of 
the tongue at the midline anteriorly (Fig. 8.261D). 

The sublingual gland drains into the oral eavity via 
numerous small ducts (minor sublingual ducts), which 
open onto the erest of the sublingual fold. Oeeasionally, the 
more anterior part of the gland is drained by a duct (major 
sublingual duct) that opens together with the submandib- 
ular duct on the sublingual eamnele. 

Vessels 

Vessels that supply the parotid gland originate from 
the external earotid artery and from its branehes that 
are adjaeent to the gland. The submandibular and sublin- 
gual glands are supplied by branehes of the faeial and 
lingual arteries. 


Veins from the parotid gland drain into the external 
jugular vein, and those from the submandibular and sub- 
lingual glands drain into lingual and faeial veins. 

Lymphatie vessels from the parotid gland drain into 
nodes that are on or in the gland. These parotid nodes then 
drain into superficial and deep eervieal nodes. 

Lymphaties from the submandibular and sublingual 
glands drain mainly into submandibular nodes and 
then into deep eervieal nodes, particularly the jugulo- 
omohyoid node. 

Innervation 

Parasympathetie 

Parasympathetie innervation to all salivary glands in the 
oral eavity is by branehes of the faeial nerve [VII], which 
join branehes of the maxillary [V 2 ] and mandibular [V 3 ] 
nerves to reaeh their target destinations. 

The parotid gland, which is entirely outside the oral 
eavity, reeeives its parasympathetie innervation from fibers 
that initially traveled in the glossopharyngeal nerve [IX], 
which eventually joins a braneh of the mandibular nerve 
[V 3 ] in the infratemporal fossa (Fig. 8.262). 
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Fig. 8.262 Seeretomotor (parasympathetie) innervation of the salivary gland and laerimal gland. 
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Greater petrosal nerve 

All salivary glands above the level of the oral fissure, as 
well as all mucus glands in the nose and the laerimal gland 
in the orbit, are innervated by parasympathetie fibers 
earried in the greater petrosal braneh of the faeial nerve 
[VII] (Fig. 8.262). Preganglionie parasympathetie fibers 
earried in this nerve enter the pterygopalatine fossa and 
synapse with postganglionie parasympathetie fibers in the 
pterygopalatine ganglion formed around branehes of the 
maxillary nerve [V 2 ]. Postganglionie parasympathetie 
fibers join general sensory branehes of the maxillary nerve, 
such as the palatine nerves, destinedfor the roof of the oral 
eavity, to reaeh their target glands. 

Chorda tympani 

All glands below the level of the oral fissure, which include 
those small glands in the floor of the oral eavity, in the 
lower lip, and in the tongue, and the larger submandibular 
and sublingual glands, are innervated by parasympathetie 
fibers earried in the ehorda tympani braneh of the faeial 
nerve [VII] (Fig. 8.262). 

The ehorda tympani joins the lingual braneh of the 
mandibular nerve [V 3 ] in the infratemporal fossa and 
passes with it into the oral eavity. On the external surface 
of the hyoglossus muscle, preganglionie parasympathetie 
fibers leave the inferior aspeet of the lingual nerve to 
synapse with postganglionie parasympathetie fibers in the 
submandibular ganglion, which appears to hang off the 
lingualnerve (Fig. 8.263). Postganglionieparasympathetie 


fibers leave the ganglion and pass direetly to the subman- 
dibular and sublingual glands while others hop baek onto 
the lingual nerve and travel with branehes of the lingual 
nerve to target glands. 

Roof—palate 

The roof of the oral eavity eonsists of the palate, whichhas 
two parts—an anterior hard palate and a posterior soft 
palate (Fig. 8.264). 

Hard palate 

The hard palate separates the oral eavity from the nasal 
eavities. It eonsists of a bony plate eovered above and below 
by mucosa: 

■ Above, it is eovered by respiratory mucosa and forms the 
floor of the nasal eavities. 

■ Below, it is eovered by a tightly bound layer of oral 
mucosa and forms much of the roof of the oral eavity 

(Fig. 8.264). 

The palatine proeesses of the maxillae form the anterior 
three-quarters of the hard palate. The horizontal plates of 
the palatine bones form the posterior one-quarter. In the 
oral eavity, the upper alveolar areh borders the hard palate 
anteriorly and laterally. Posteriorly, the hard palate is eon- 
tinuous with the soft palate. 
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Fig. 8.263 Course of parasympathetie fibers earried in the ehorda 
tympani nerve. 
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The mucosa of the hard palate in the oral eavity pos- 
sesses numerous transverse palatine folds (palatine 
rugae) and a median longitudinal ridge (palatine raphe), 
which ends anteriorly in a small oval elevation (ineisive 
papilla). The ineisive papilla (Fig. 8.264) overlies the inei- 
sive fossa formed between the horizontal plates of the max- 
illae immediately behind the ineisor teeth. 

Soft palate 

The soft palate (Fig. 8.264) continues posteriorly from the 
hard palate and aets as a valve that ean be: 

depressed to help elose the oropharyngeal isthmus, and 
■ elevated to separate the nasopharynx from the 
oropharynx. 

The soft palate is formed and moved by four muscles and 
is eovered by mucosa that is continuous with the imieosa 
lining the pharynx and oral and nasal eavities. 

The small tear-shaped muscular projeetion that 
hangs from the posterior free margin of the soft palate is 
the uvula. 

Muscles of the soft palate 

Five muscles (Table 8.22) on eaeh side contribute to the 
formation and movement of the soft palate. Two of these, 
the tensor veli palatini and levator veli palatini, deseend 
into the palate from the base of the skull. Two others, 
the palatoglossus and palatopharyngeus, aseend into the 
palate from the tongue and pharynx, respeetively. The last 
muscle, the musculus uvulae, is assoeiated with the uvula. 


All muscles of the palate are innervated by the vagus 
nerve [X], except for the tensor veli palatini, which is inner- 
vated by the mandibular nerve [V 3 ] (via the nerve to the 
medial pterygoid). 

Tensor veli palatini and the palatine aponeurosis 

The tensor veli palatini muscle is eomposed of two 
parts—a vertieal muscular part and a more horizontal 
fibrous part, which forms the palatine aponeurosis 

(Fig. 8.265A). 

The vertieal part of the tensor veli palatini is thin 
and triangular in shape with its base attaehed to the 
skull and its apex pointed inferiorly. The base is attaehed 
along an oblique line that begins medially at the seaphoid 
fossa near the root of the pterygoid proeess of the sphenoid 
bone and continues laterally along the membranous 
part of the pharyngotympanie tube to the spine of the 
sphenoid bone. 

The tensor veli palatini deseends vertieally along the 
lateral surface of the medialplate of the pterygoid proeess 
and pharyngeal wall to the pterygoid hamulus where the 
fibers eonverge to form a small tendon (Fig. 8.265 A). 

The tendon loops 90° medially around the pterygoid 
hamulus, penetrating the origin of the buccinator muscle 
as it does, and expands like a fan to form the fibrous hori- 
zontal part of the muscle. This fibrous part is continuous 
aeross the midline with its partner on the other side to form 
the palatine aponeurosis. 

The palatine aponeurosis is attaehed anteriorly to the 
margin of the hard palate, but is unattached posteriorly 
where it ends in a free margin. This expansive aponeurosis 


Table 8.22 Muscles of the soft palate 

Miisde 

Origin 

Insertion 

Innervation 

Function 

Tensor veli palatini 

Seaphoid fossa of sphenoid 
bone; fibrous part of 
pharyngotympanie tube; 
spine of sphenoid 

Palatine aponeurosis 

Mandibular nerve [V 3 ] 
via the braneh to medial 
pterygoid muscle 

Tenses the soft palate; 
opens the 

pharyngotympanie tube 

Levator veli palatini 

Petrous part of temporal 
bone anterior to opening 
for earotid eanal 

Superior surface of palatine 
aponeurosis 

Vagus nerve [X] via 
pharyngeal braneh to 
pharyngeal plexus 

Only muscle to elevate the 
soft palate above the 
neutral position 

Palatopharyngeus 

Superior surface of palatine 
aponeurosis 

Pharyngeal wall 

Vagus nerve [X] via 
pharyngeal braneh to 
pharyngeal plexus 

Depresses soft palate; 
moves palatopharyngeal 
areh toward midline; 
elevates pharynx 

Palatoglossus 

Inferior surface of palatine 
aponeurosis 

Lateral margin of tongue 

Vagus nerve [X] via 
pharyngeal braneh to 
pharyngeal plexus 

Depresses palate; moves 
palatoglossal areh toward 
midline; elevates baek of 
the tongue 

Musculus uvulae 

Posterior nasal spine of 
hard palate 

Connective tissue of uvula 

Vagus nerve [X] via 
pharyngeal braneh to 
pharyngeal plexus 

Elevates and retraets uvula; 
thiekens eentral region of 
soft palate 
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Muscular part of tensor veli palatini 



Position of palatopharyngeal 
sphineter 


Pharyngeal raphe 


Buccinator muscle 


Superior eonstrietor of pharynx 


Pterygopalatine fossa 


Palatine aponeurosis 


— Pterygoid hamulus 


Fibrous part of pharyngotympanie tube 


Cartilaginous partof 
pharyngotympanie tube 


Levator veli palatini 



B 



Palatopharyngeus 


e 


Fig. 8.265 A. Tensor veli palatini muscles and the palatine aponeurosis. B. Levator veli palatini muscles. C. Palatopharyngeus muscles. 
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is the major structural element of the soft palate to which 
the other muscles of the palate attaeh. 

The tensor veli palatini: 

tenses (makes firm) the soft palate so that the other 
imiseles attaehed to the palate ean work more effee- 
tively, and 

opens the pharyngotympanie tube when the palate 
moves during yawning and swallowing as a result of its 
attaehment superiorly to the membranous part of the 
pharyngotympanie tube. 

The tensor veli palatini is innervated by the nerve to the 
medial pterygoid from the mandibular nerve [V 3 ]. 

Levator veli palatini 

The levator veli palatini muscle originates from the base of 
the skull and deseends to the upper surface of the palatine 
aponeurosis (Fig. 8.265B). On the skull, it originates from 
a roughened area on the petrous part of the temporal bone 
immediately anterior to the opening of the earotid eanal. 
Some fibers also originate from adjaeent parts of the pha- 
ryngotympanie tube. 

The levator veli palatini passes anteroinferiorly through 
faseia of the pharyngeal wall, passes medial to the pharyn- 
gotympanie tube, and inserts onto the palatine aponeuro- 
sis (Fig. 8.265B). Its fibers interlaee at the midline with 
those of the levator veli palatini on the other side. 

Unlike the tensor veli palatini muscles, the levator veli 
palatini muscles do not pass around the pterygoid hamulus, 
but course direetly from the base of the skull to the upper 
surface of the palatine aponeurosis. Therefore, they are the 
only muscles that ean elevate the palate above the neutral 
position and elose the pharyngeal isthmus between the 
nasopharynx and oropharynx. 

The levator veli palatini is innervated by the vagus nerve 
[X] through the pharyngeal braneh to the pharyngeal 
plexus. Clinically, the levator veli palatini ean be tested by 
asking a patient to say “ah.” If the muscle on eaeh side is 
fiinetioning normally, the palate elevates evenly in the 
midline. If one side is not fiinetioning, the palate deviates 
away from the abnormal side. 

Palatopharyngeus 

The palatopharyngeus muscle originates from the superior 
surface of the palatine aponeurosis and passes posterolat- 
erally over its margin to deseend and beeome one of the 
longitudinal muscles of the pharyngeal wall (Fig. 8.265C). 
It is attaehed to the palatine aponeurosis by two flat 


lamellae separated by the levator veli palatini muscle. The 
more anterior and lateral of these two lamellae is attaehed 
to the posterior margin of the hard palate as well as to the 
palatine aponeurosis. 

The two palatopharyngeus muscles, one on eaeh side, 
underlie the palatopharyngeal arehes on the oropha- 
ryngeal wall. The palatopharyngeal arehes lie posterior 
and medial to the palatoglossal arehes when viewed 
anteriorly through the oral eavity (Fig. 8.266). 


Posterior wall of oropharynx Palatine tonsil 

Palatoglossal areh 


Palatopharyngeal areh 




Anterior margin of 
Tongue oropharyngeal isthmus 

(palatoglossal areh) 


Closure of oropharyngeal isthmus 

• Medial and downward movement of palatoglossal arehes 

• Medial and downward movement of palatopharyngeal arehes 

• Upward movement of tongue 

• Downward and forward movement of soft palate 

Fig. 8.266 Open mouth with soft palate. A. Oropharyngeal 
isthmus opened. B. Oropharyngeal isthmus elosed. 
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On eaeh side, the palatine tonsil is between the palato- 
pharyngeal and palatoglossal arehes on the lateral oropha- 
ryngeal wall (Fig. 8.266A). 

The palatopharyngeus muscles: 

depress the palate and move the palatopharyngeal 
arehes toward the midline like curtains—both these 
aetions help elose the oropharyngeal isthmus; and 
elevate the pharynx during swallowing. 


The palatopharyngeus is innervated by the vagus 
nerve [X] through the pharyngeal braneh to the pharyn- 
geal plexus. 

Palatoglossus 

The palatoglossus muscle attaehes to the inferior 
(oral) surface of the palatine aponeurosis and passes infe- 
riorly and anteriorly into the lateral surface of the tongue 

(Fig. 8.267). 



Palatoglossiis 
from underside of aponeurosis 


Palatine tonsil 


Musculus uvulae 


Fig. 8.267 Palatoglossus muscles and musculus uvulae. 
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Head and Neek 



The palatoglossus muscle underlies a fold of imieosa 
that arehes from the soft palate to the tongue. These pala- 
toglossal arehes, one on eaeh side, are lateral and anterior 
to the palatopharyngeal arehes and define the lateral 
margins of the oropharyngeal isthmus (Fig. 8.266A). 

The palatine tonsil is between the palatoglossal 
and palatopharyngeal arehes on the lateral oropha- 
ryngeal wall (Figs. 8.266 and 8.267). 

The palatoglossus muscles depress the palate, move the 
palatoglossal arehes toward the midline like curtains, and 
elevate the baek of the tongue. These aetions help elose the 
oropharyngeal isthmus. 

The palatoglossus is innervated by the vagus nerve [X] 
through the pharyngeal braneh to the pharyngeal plexus. 

Musculus uvulae 

The musculus uvulae originates from the posterior nasal 
spine on the posterior margin of the hard palate and passes 
direetly posteriorly over the dorsal aspeet of the palatine 
aponeurosis to insert into eonneetive tissue underlying 
the imieosa of the uvula (Fig. 8.267). It passes between 


the two lamellae of the palatopharyngeus superior to 
the attaehment of the levator veli palatini. Along the 
midline, the musculus uvulae blends with its partner on 
the other side. 

The musculus uvulae elevates and retraets the uvula. 
This aetion thiekens the eentral part of the soft palate and 
helps the levator veli palatini muscles elose the pharyngeal 
isthmus between the nasopharynx and oropharynx. 

The musculus uvulae is innervated by the vagus 
nerve [X] through the pharyngeal braneh to the pharyn- 
geal plexus. 

Vessels 

Arteries 

Arteries of the palate include the greater palatine braneh 
of the maxillary artery, the aseending palatine braneh of 
the faeial artery, and the palatine braneh of the aseending 
pharyngeal artery. The maxillary, faeial, and aseending 
pharyngeal arteries are all branehes that arise in the neek 
from the external earotid artery (Fig. 8.268). 


Lesser palatine artery 




Greater palatine artery 


Palatine braneh of 
aseending pharyngeal artery 


Aseending pharyngeal artery 

Internal earotid 
External earotid 


Superior thyroid artery 


Common earotid artery 


Aseending palatine artery 


mo 


Fig. 8.268 Arteries of the palate. 
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Aseending palatine artery and palatine braneh 

The aseending palatine artery of the faeial artery 
aseends along the external surface of the pharynx. The 
palatine braneh loops medially over the top of the superior 
eonstrietor imisele of the pharynx to penetrate the pharyn- 
geal faseia with the levator veli palatini muscle and follow 
the levator veli palatini to the soft palate. 

The palatine braneh of the aseending pharyngeal 
artery follows the same course as the palatine braneh of 
the aseending palatine artery from the faeial artery and 
may replaee the vessel. 

Greater palatine artery 

The greater palatine artery originates from the maxil- 
lary artery in the pterygopalatine fossa. It deseends into 


the palatine eanal where it gives origin to a small lesser 
palatine braneh, and then continues through the greater 
palatine foramen onto the inferior surface of the hard 
palate (Fig. 8.269). The greater palatine artery passes 
forward on the hardpalate and then leaves the palate supe- 
riorly through the ineisive eanal to enter the medial wall 
of the nasal eavity where it terminates. The greater pala- 
tine artery is the major artery of the hard palate. It also 
supplies palatal gingiva. The lesser palatine braneh passes 
through the lesser palatine foramen just posterior to the 
greater palatine foramen, and contributes to the vascular 
supply of the soft palate. 


ineisive fossa 


Greater palatine 



nerve 


Lesser 

palatine 

artery 



Greater 

palatine 

nerve 


Greater 

palatine 

foramen 


Lesser 

palatine 

foramen 


Lesser 

palatine 

nerve 


Branehes from aseending palatine 
artery of faeial artery and palatine 
braneh of aseending pharyngeal artery 


Fig. 8.269 Palatine nerves and arteries. 


1111 












Head and Neek 


Veins 

Veins from the palate generally follow the arteries and ulti- 
mately drain into the pterygoid plexus of veins in the infra- 
temporal fossa (Fig. 8.270; also see pp. 991-992), or into 
a network of veins assoeiated with the palatine tonsil, 
whichdrain into the pharyngealplexus of veins or direetly 
into the faeial vein. 

Lymphaties 

Lymphatie vessels from the palate drain into deep eervieal 
nodes (Fig. 8.270). 

Innervation 

The palate is supplied by the greater and lesser palatine 
nerves and the nasopalatine nerve (Figs. 8.269 and 
8.271). 


General sensory fibers earried in all these nerves 
originate in the pterygopalatine fossa from the maxillary 
nerve [V 2 ]. 

Parasympathetie (to glands) and SA (taste on soft 
palate) fibers from a braneh of the faeial nerve [VII] join 
the nerves in the pterygopalatine fossa, as do the sympa- 
theties (mainly to blood vessels) ultimately derived from the 
T1 spinal eord level. 

Greater and lesser palatine nerves 

The greater and lesser palatine nerves deseend through the 
pterygopalatine fossa and palatine eanal to reaeh the palate 

(Fig. 8.271); 

■ The greater palatine nerve travels through the greater 
palatine foramen and turns anteriorly to supply the 
hard palate and gingiva as far as the first premolar. 


Pterygoid plexus 


Maxillary vein 


Venous drainage 
from palate 



Lymph 




Deep eervieal nodes 


Intemal juguiar vein 


Fig. 8.270 Venous and lymphatie drainage of the palate. 
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The lesser palatine nerve passes posteromedially to 
supply the soft palate. 

Nasopalatine nerve 

The nasopalatine nerve also originates in the pterygopala- 
tine fossa, but passes medially into the nasal eavity. It eon- 
tinues medially over the roof of the nasal eavity to reaeh 
the medial wall, then anteriorly and obliquely down the 
wall to reaeh the ineisive eanal in the anterior floor, and 


deseends through the ineisive eanal and fossa to reaeh the 
inferior surface of the hard palate (Fig. 8.271). 

The nasopalatine nerve supplies gingiva and mucosa 
adjaeent to the ineisors and eanine. 

Oral fìssure and lips 

The oral fissure is the slit-like opening between the lips that 
eonneets the oral vestibule to the outside (Fig. 8.272). It 


Nasopalatine nerve 


Nerve of pterygoid eanal 

Maxillary nerve 


Greater petrosal nerve 
(preganglionie parasympathetie 
and speeial sensory [taste]) 



Deep petrosal nerve 

(postganglíoníe 

sympathetie) 


Lesser palatine nerve 


Pterygopalatine 

ganglion 


Palatine eanal 


Uvula 


Lesser palatine foramen 


Nasopalatine nerve 


Internal earotid artery 


Superior eervieal 
sympathetie ganglion 


Sympathetie trunk 


Greater palatine nerve 


Greater palatine foramen 


Preganglionie 

sympathetiefromTI 


Fig. 8.271 Innervation of the palate. 




Orbicularis oris 
muscle 


Artery and veín 


abial salivary 
glands 


Orbicularis oris muscle 


Vestibule 


Vermilion 

borders 


Buccinator 

muscle 


Phiftrum 


Superíor and 


a rte ri es 


Faeial artery 


O ra I f i ss u re 
Vermilion border of lip 


Fig. 8.272 Oral fissure and lips. A. Anterior view. B. Sagittal seetion. 
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ean be opened and elosed, and altered in shape by the 
movements of the muscles of faeial expression assoeiated 
with the lips and surrounding regions, and by movements 
of the lower jaw (mandible). 

The lips are entirely eomposed of soft tissues (Fig. 
8.272B). They are lined internally by oral mucosa and 
eovered externally by skin. Externally, there is an area of 
transition from the thieker skin that eovers the faee to the 
thinner skin that overlies the margins of the lips and eon- 
tinues as oral mucosa onto the deep surfaces of the lips. 

Blood vessels are eloser to the surface in areas where the 
skin is thin and as a consequence there is a vermilion 
border that eovers the margins of the lips. 

The upper lip has a shallow vertieal groove on its exter- 
nal surface (the philtrum) sandwiched between two ele- 
vated ridges of skin (Fig. 8.2 72A). Thephiltmm and ridges 
are formed embryologieally by fusion of the medial nasal 
proeesses. 

On the inner surface of both lips, a fold of rmieosa 
(the median labial freniihim) eonneets the lip to the 
adjaeent gum. 

The lips enelose the orbicularis oris muscle, neurovas- 
cular tissues, and labial glands (Fig. 8.2 72B). The small 
pea-shaped labial glands are between the imisele tissue and 
the oral mucosa and open into the oral vestibule. 

A number of muscles of faeial expression eontrol the 
shape and size of the oral fìssure. The most important of 
these is the orbicularis oris muscle, which eneireles the 
orifiee and aets as a sphineter. A number of other muscles 
of faeial expression blend into the orbicularis oris or other 
tissues of the lips and open or adjust the contours of the 
oral fissure. These include the buccinator, levator labii 
superioris, zygomaticus major and minor, levator anguli 
oris, depressor labii inferioris, depressor anguli oris, and 
platysma (see pp. 908-910). 

Oropharyngeal isthmus 

The oropharyngeal isthmus is the opening between the oral 
eavity and the oropharynx (see Fig. 8.266). It is formed: 

laterally by the palatoglossal arehes; 

superiorly by the soft palate; and 

inferiorly by the sulcus terminalis of the tongue that 

divides the oral surface of the tongue (anterior 

two-thirds) from the pharyngeal surface (posterior 

one-third). 

The oropharyngeal isthmus ean be elosed by elevation 
of the posterior aspeet of the tongue, depression of the 
palate, and medial movement of the palatoglossal arehes 
toward the midline. 


Medial movement of the palatopharyngeal arehes 
medial and posterior to the palatoglossal arehes is also 
involved in elosing the oropharyngeal isthnms. By elosing 
the oropharyngeal isthnms, food or liquid ean be held in 
the oral eavity while breathing. 

Teeth and gingivae 

The teeth are attaehed to soekets (alveoli) in two elevated 
arehes of bone on the mandible below and the maxillae 
above (alveolar arehes). If the teeth are removed, the alveo- 
lar bone is resorbed and the arehes disappear. 

The gingivae (gums) are speeialized regions of the oral 
mucosa that surround the teeth and eover adjaeent regions 
of the alveolar bone. 

The different types of teeth are distinguished on 
the basis of morphology, position, and fiinetion (Fig. 

8.273A). 

In adults, there are 32 teeth, 16 in the upper jaw and 
16 in the lower jaw. On eaeh side in both maxillary and 
mandibular arehes are two ineisor, one eanine, two premo- 
lar, and three molar teeth. 

The ineisor teeth are the ‘Tront teeth” and have one 
root and a ehisel-shaped crown, which “cuts.” 

The eanine teeth are posterior to the ineisors, are the 
longest teeth, have a crown with a single pointed cusp, 
and “grasp.” 

The premolar teeth (bicuspids) have a crown with 
two pointed cusps, one on the buccal (eheek) side of 
the tooth and the other on the lingual (tongue) or 
palatal (palate) side, generally have one root (but the 
upper first premolar next to the eanine may have two), 
and “grind.” 

The molar teeth are behind the premolar teeth, have 
three roots and crowns with three to five cusps, and 
“grind.” 

Two successive sets of teeth develop in humans, decidu- 
ous teeth (“baby” teeth) (Fig. 8.2 73B) and permanent 
teeth (“adult” teeth). The deciduous teeth emerge from the 
gingivae at between six months and two years of age. Per- 
manent teeth begin to emerge and replaee the deciduous 
teeth at around age six years, and ean continue to emerge 
into adulthood. 

The 20 deciduous teeth eonsist of two ineisor, one 
eanine, and two molar teeth on eaeh side of the upper and 
lower jaws. These teeth are replaeed by the ineisor, eanine, 
and premolar teeth of the permanent teeth. The perma- 
nent molar teeth erupt posterior to the deciduous 
molars and require the jaws to elongate forward to aeeom- 
modate them. 
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Ineisors 



B Molars 

Fig. 8.273 Teeth. A. Adult upper and lovver permanent teeth. B. Deciduous (“baby”) teeth. 
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Vessels 

Arteries 

All teeth are supplied by vessels that braneh either direetly 
or indireetly from the maxillary artery (Fig. 8.274). 

Inferior alveolar artery 

All lower teeth are supplied by the inferior alveolar 
artery, which originates from the maxillary artery in the 
infratemporal fossa. The vessel enters the mandibular 
eanal of the mandible, passes anteriorly in bone supplying 
vessels to the more posterior teeth, and divides opposite 
the fìrst premolar into ineisor and mental branehes. The 
mental braneh leaves the mental foramen to supply the 
ehin, while the ineisor braneh continues in bone to supply 
the anterior teeth and adjaeent structures. 

Anterior and posterior superior alveolar arteries 

All upper teeth are supplied by anterior and posterior supe- 
rior alveolar arteries. 

The posterior superior alveolar artery originates 
from the maxillary artery just after the maxillary artery 
enters the pterygopalatine fossa and it leaves the fossa 
through the pterygomaxillary fissure. It deseends on the 


posterolateral surface of the maxilla, branehes, and 
enters small eanals in the bone to supply the molar and 
premolar teeth. 

The anterior superior alveolar artery originates 
from the infra-orbital artery, which arises from the maxil- 
lary artery in the pterygopalatine fossa. The infra-orbital 
artery leaves the pterygopalatine fossa through the inferior 
orbital fissure and enters the inferior orbital groove and 
eanal in the floor of the orbit. The anterior superior alveo- 
lar artery originates from the infra-orbital artery in the 
infra-orbital eanal. It passes through bone and branehes to 
supply the ineisor and eanine teeth. 

Gingival supply 

The gingivae are supplied by multiple vessels and the 
source depends on which side of eaeh tooth the gingiva 
is—the side faeing the oral vestibule or eheek (vestibular or 
buccal side), or the side faeing the tongue or palate (lingual 
or palatal side): 

Buccal gingiva of the lower teeth is supplied by branehes 
from the inferior alveolar artery, whereas the lingual 
side is supplied by branehes from the lingual artery of 
the tongue. 


Maxillary artery 
Cavernous siros ~ 
in erama! eavity 


Emissary veins 
Maxillary vein 


Infra-orbital 

artery and vein 


Anterior soperior aiveolar 

artery and vein 

Posterior superior alveoiar 

artery and vein 



Pterygoid plexus of veins 


Retromandibu!ar vein 
Externa! earotid artery 

Inferior alveolar artery and 
vein in mandibular eanal 


External jugular vein 


Internal jugular vein 
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Fig. 8.274 Arteries and veins of the teeth. 
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Buccal gingiva of the upper teeth is supplied by branehes 
of the anterior and posterior superior alveolar arteries. 
Palatal gingiva is supplied by branehes from the naso- 
palatine (ineisor and eanine teeth) and greater palatine 
(premolar and molar teeth) arteries. 

Veins 

Veins from the upper and lower teeth generally follow the 
arteries (Fig. 8.274). 

Inferior alveolar veins from the lower teeth, and supe- 
rior alveolar veins from the upper teeth drain mainly into 
the pterygoid plexus of veins in the infratemporal fossa, 
although some drainage from the anterior teethmay be via 
tributaries of the faeial vein. 

The pterygoid plexus drains mainly into the maxillary 
vein and ultimately into the retromandibular vein and 


jugular system of veins. In addition, small communicating 
vessels pass superiorly, from the plexus, and pass through 
small emissary foramina in the base of the skull to eonneet 
with the cavernous sinus in the eranial eavity. Infeetion 
originating in the teeth ean traek into the eranial eavity 
through these small emissary veins. 

Venous drainage from the teeth ean also be via vessels 
that pass through the mental foramen to eonneet with the 
faeial vein. 

Veins from the gingivae also follow the arteries and ulti- 
mately drain into the faeial vein or into the pterygoid plexus 
of veins. 

Lymphaties 

Lymphatie vessels from the teeth and gingivae drain mainly 
into submandibular, submental, and deep eervieal nodes 

(Fig. 8.275). 


Deep eervieal nodes 



SubmentaE nodes 


Submandibular nodes 


Fig. 8.275 Lymphatie drainage of the teeth and gums. 
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Innervation 

All nerves that innervate the teeth and gingivae are 
branehes of the trigeminal nerve [V] (Figs. 8.276 and 
8.277). 

Inferior alveolar nerve 

The lower teeth are all innervated by branehes from the 
inferior alveolar nerve, which originates in the infratempo- 
ral fossa from the mandibular nerve [V 3 ] (Figs. 8.276 and 
8.277). The inferior alveolar nerve and its aeeompanying 
vessels enter the mandibular f oramen on the medial surface 
of the ramus of the mandible and travel anteriorly through 
the bone in the mandibular eanal. Branehes to the baek 
teeth originate direetly from the inferior alveolar nerve. 

Adjaeent to the first premolar tooth, the inferior alveo- 
lar nerve divides into ineisive and mental branehes: 


direetly or indireetly from the maxillary nerve [V 2 ] (Figs. 
8.276 and 8.277). 

The posterior superior alveolar nerve originates direetly 
from the maxillary nerve [V 2 ] in the pterygopalatine fossa, 
exits the pterygopalatine fossa through the pterygomaxil- 
lary fissure, and deseends on the posterolateral surface of 
the maxilla. It enters the maxilla through a small foramen 
approximately midway between the pterygomaxillary 
fissure and the last molar tooth, and passes through the 
bone in the wall of the maxillary sinus. The posterior supe- 
rior al veolar nerve then innervates the molar teeth through 
the superior alveolar plexusformedby the posterior, middle, 
and anterior alveolar nerves. 

The middle and anterior superior alveolar nerves origi- 
nate from the infra-orbital braneh of the maxillary nerve 
[V 2 ] in the floor of the orbit: 


The ineisive braneh innervates thefirst premolar, the 
eanine, and the ineisor teeth, together with the assoei- 
ated vestibular (buccal) gingiva. 

The mental nerve exits the mandible through the 
mental foramen and innervates the ehin and lower lip. 

Anterior, middle, and posterior superior 
alveolar nerves 

All upper teeth are innervated by the anterior, middle, 
and posterior superior alveolar nerves, which originate 


The middle superior alveolar nerve arises from the infra- 
orbital nerve in the infra-orbital groove, passes through 
the bone in the lateral wall of the maxillary sinus, and 
innervates the premolar teeth via the superior alveolar 
plexus. 

The anterior superior alveolar nerve originates from the 
infra-orbital nerve in the infra-orbital eanal, passes 
through the maxilla in the anterior wall of the maxil- 
lary sinus, and via the superior alveolar plexus, supplies 
the eanine and ineisor teeth. 


Maxillary nerve [V 2 ] 
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Fig. 8.276 Innervation of the teeth. 
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Teeth 


Anterior superior alveolar nerve (from [V 2 ]) 


Middle superior alveolar nerve (from [V 2 ]) 


Llpper 


Lovver 


Posterior superior 
alveolar nerve (from [V 2 ]) 



Main trunk of inferior 
alveolar nerve (from [V 3 ]) 






Ineisive braneh of inferior 
alveolar nerve (from [V 3 ]) 
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Gingivae 


Nasopalatine nerve (from [V 2 ]) 


Anterior superior alveolar nerve (from [V 2 ]) 


Middle syperior alveolar nerve (from [V 2 ]) 


Posterior superior alveolar 
nerve (from [V 2 ]) 

Greater palatine nerve (from [V 2 ]) 



Lingual nerve (from [V 3 ]) 


Buccal nerve (from [V 3 ]) 


Mental nerve from inferior 
alveolar nerve (from [V 3 ]) 


Fig. 8.277 Innervation of the teeth and gums. 


Innervation of gingivae 

Like the teeth, the gingivae are innervated by nerves 
that ultimately originate from the trigeminal nerve [V] 

(Fig. 8.277): 

■ Gingiva assoeiated with the upper teeth i s innervated by 
branehes derived from the maxillary nerve [V 2 ]. 
Gingiva assoeiated with the lower teeth is innervated by 
branehes of the mandibular nerve [V 3 ]. 

The gingiva on the buccal side of the upper teeth is 
innervated by the anterior, middle, and superior alveolar 
nerves, which also innervate the adjaeent teeth. Gingiva 
on the palatal (lingual) side of the same teeth is innervated 
by the nasopalatine and the greater palatine nerves: 


The nasopalatine nerve innervates gingiva assoeiated 
with the ineisor and eanine teeth. 

The greater palatine nerve supplies gingiva assoeiated 
with the remaining teeth. 

The gingiva assoeiated with the (buccal) side of the 
mandibular ineisor, eanine, and premolar teeth is inner- 
vated by the mental braneh of the inferior alveolar nerve. 
Gingiva on the buccal side of the mandibular molar teeth 
is innervated by the buccal nerve, which originates in the 
infratemporal fossa from the mandibular nerve [V 3 ]. 
Gingiva adjaeent to the lingual surface of all lower teeth is 
innervated by the lingual nerve. 
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Surface anatomy 

Head and neek surface anatomy 

Skeletal landmarks in the head and neek are used for loeat- 
ing major blood vessels, glands, and muscles, and for loeat- 
ing points of aeeess to the airway. 

Neurological examination of the eranial and upper eer- 
vieal nerves is earried out by assessing function in the head 
and neek. 

In addition, information about the general status of 
body health ean often be obtained by evaluating surface 
features, the eye and the oral eavity, and the eharaeteristies 
of speeeh. 


Anatomieal position of the head 
and major landmarks 

The head is in the anatomieal position when the inferior 
margins of the bony orbits and the superior margins of the 
external acoustic meatuses are in the same horizontal 
plane (Frankfort plane). 

In addition to the external acoustic meatus and the 
bony margin of the orbit, other features that are palpable 
include the head of the mandible, zygomatie areh, zygo- 
matie bone, mastoid proeess, and external oeeipital protu- 
beranee (Fig. 8.278). 


Vertex 


Cervical spinal nerves 


External oeeipital 
protuberance 


External acoustic meatus 
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Position of zygomatie areh 


Position of head of mandible 


Fig. 8.278 Anatomieal position of the head and major landmarks. Lateral head and neek of a man. 
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The head of the mandible is anterior to the external ear 
and behind and inferior to the posterior end of the zygo- 
matie areh. It is best found by opening and elosing the jaw 
and palpating the head of the mandible as it moves forward 
onto the articular tubercle and then baek into the man- 
dibular fossa, respeetively. 

The zygomatie areh extends forward from the region of 
the temporomandibular joint to the zygomatie bone, which 
forms a bony prominenee lateral to the inferior margin of 
the anterior opening of the orbit. 

The mastoid proeess is a large bony protuberance that 
is easily palpable posterior to the inferior aspeet of the 
external acoustic meatus. The superior end of the sterno- 
eleidomastoid muscle attaehes to the mastoid proeess. 

The external oeeipital protuberance is palpable in the 
midline posteriorly where the contour of the skull curves 
sharply forward. This landmark marks the point superfì- 
eially where the baek of the neek joins the head. 

Another elinieally useful feature of the head is the 
vertex. This is the highest point of the head in the anatomi- 
eal position and marks the approximate point on the sealp 


where there is a transition from eervieal to eranial innerva- 
tion of the sealp. Anterior to the vertex, the sealp and faee 
are innervated by the trigeminal nerve [V]. Posterior to the 
vertex, the sealp is innervated by branehes from eervieal 
spinal nerves. 

Visualizing structures at the CIII/CIV 
and CVI vertebral levels 

Two vertebral levels in the neek are assoeiated with impor- 
tant anatomieal features (Fig. 8.279). 

The intervertebral dise between the CIII and CIV verte- 
brae is in the same horizontal plane as the bifurcation of 
the eommon earotid artery into the internal and external 
earotid arteries. This level is approximately at the upper 
margin of the thyroid eartilage. 

Vertebral level CVI marks the transition from pharynx 
to esophagus and larynx to traehea. The CVI vertebral level 
therefore marks the superior ends of the esophagus and 
traehea and is approximately at the level of the inferior 
margin of the erieoid eartilage. 


Bifurcation of eommon earotid 


Vertebral level CIII/IV 

• Upper margin of thyroid eartilage 

• Bifurcation of eommon earotid artery 


Vertebral level CVI - 

• Areh of erieoid eartilage 

• Superior end of esophagus 

• Superior end of traehea 



Frankfort line 


Pharynx 

Areh of erieoid 
Esophagus 


Fig. 8.279 Visualizing structures at the GII/IV and CVI vertebral levels. Lateral head and neek of a man. 
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Head and Neek 


How to oiitline the anterior and posterior 
triangles of the neek 

The boiindaries of the anterior and posterior triangles on 
eaeh side of the neek are easily established using readily 
visible bony and muscular landmarks (Fig. 8.280). 

The base of eaeh anterior triangle is the inferior margin 
of the mandible, the anterior margin is the midline of the 
neek, and the posterior margin is the anterior border 
of the sternoeleidomastoid muscle. The apex of eaeh ante- 
rior triangle points inferiorly and is at the suprasternal 
noteh. 


The anterior triangles are assoeiated with structures 
such as the airway and digestive traet, and nerves and 
vessels that pass between the thorax and head. They are 
also assoeiated with the thyroid and parathyroid glands. 

The base of eaeh posterior triangle is the middle one- 
third of the elaviele. The medial margin is the posterior 
border of the sternoeleidomastoid muscle, and the lateral 
margin is the anterior border of the trapezius muscle. The 
apex points superiorly and is immediately posteroinferior 
to the mastoid proeess. 

The posterior triangles are assoeiated with nerves and 
vessels that pass into and out of the upper limbs. 




Inferior margin of mandible 



Posterior margin of 
sternoeleidomastoid 


Mìdline of neek 


ste rn oel e ído m astoi d 


A 


Structures coursing between 
head and thorax are assoeiated 
with the anterior triangles 



Posterior triangle 


Anterìor margin of 


B 


Structures coursing between 
thorax/neck and upper limb are 
assoeiated with the posterior triangles 


Fig. 8.280 How to outline the anterior and posterior triangles of the neek. A. In a woman, anterolateral view. The left anterior triangle is 
indieated. B. In a man, anterior view of the posterior triangle. 











Surface anatomy • How to Loeote the Cricothyroid Ligament 



How to loeate the erieothyroid ligament 

An important structure to loeate in the neek is the erieo- 
thyroid ligament (erieovoeal membrane, erieothyroid 
membrane) (Fig. 8.281) because artifieial penetration of 
this membrane in emergeney situations ean provide aeeess 
to the lower airway when the upper airway above the level 
of the voeal folds is bloeked. 

The ligament ean be easily found using palpable fea- 
tures of the larynx as landmarks. 

Using a finger to gently feel laryngeal structures in the 
midline, first find the thyroid noteh in the superior margin 
of the thyroid eartilage and then move the finger inferiorly 
over the laryngeal prominenee and down the anterior 


surface of the thyroid angle. As the finger erosses the infe- 
rior margin of the thyroid eartilage in the midline, a soft 
depression is felt before the finger slides onto the areh of 
the erieoid eartilage, which is hard. 

The soft depression between the lower margin of the 
thyroid eartilage and the areh of the erieoid is the position 
of the erieothyroid ligament. 

A tube passed through the erieothyroid ligament enters 
the airway just inferior to the position of the voeal folds of 
the larynx. 

Structures that may occur in or eross the midline 
between the skin and the erieothyroid ligament include the 
pyramidal lobe of the thyroid gland and small vessels, 
respeetively. 



Thyroid noteh 


Laryngeal prominenee 

Position of erieothyroid 

ligament 


Areh of erieoid eartilage 





Thyroid noteh 


Laryngeal prominenee 


Position of erieothyroid 
ligament 


Areh of erieoid 
eartilage 


I 


I 






lsthmus of thyroid gland 



Fig. 8.281 How to loeate the erieothyroid ligament. A. In a man, lateral view of head and neek. B. In a woman, lateral view of head and 
neek. C. In a man, anterior neek with the ehin elevated. D. In a woman, anterior neek with the ehin elevated. 
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Head and Neek 


Inferior to the erieoid eartilage, the upper eartilage of 
the larynx ean sometimes be palpated above the level of the 
isthmus of the thyroid gland that erosses the traehea 
anteriorly. 

The landmarks used for finding the erieothyroid liga- 
ment are similar in men and women; however, because the 
laminae of the thyroid eartilage meet at a more acute angle 
in men, the structures are more prominent in men than in 
women. 

How to fìnd the thyroid gland 

The left and right lobes of the thyroid gland are in the 
anterior triangles in the lower neek on either side of 
the airway and digestive traet inferior to the position of the 
oblique line of the thyroid eartilage (Fig. 8.282). In faet, 
the sternothyroid muscles, which attaeh superiorly to the 
oblique lines, lie anterior to the lobes of the thyroid gland 
and prevent the lobes from moving upward in the neek. 

The lobes of the thyroid gland ean be most easily pal- 
pated by finding the thyroid prominenee and areh of the 


erieoid eartilage and then feeling posterolateral to the 
larynx. 

The isthmus of the thyroid gland erosses anterior to the 
upper end of the traehea and ean be easily palpated in 
the midline inferior to the areh of the erieoid. 

The presenee of the isthmus of the thyroid gland makes 
palpating the traeheal eartilages difficult in the neek. Also, 
the presenee of the isthmus of the thyroid gland and the 
assoeiated vessels found in and erossing the midline makes 
it difficult to artifieially enter the airway anteriorly through 
the traehea. This procedure, a traeheostomy, is a surgical 
procedure. 

Estimating the position of the middle 
meningeal artery 

The middle meningeal artery (Fig. 8.283) is a braneh 
of the maxillary artery in the infratemporal fossa. It enters 
the skull through the foramen spinosum and is within the 
dura mater lining the eranial eavity. 












Left lobe of thyroid gland 
lsthmus of thyroid gland 
Right lobe of thyroid gland 


Hyoid bone 

Thyroid noteh 
Laryngeal prominenee 

Cricothyroid ligament 
Areh of erieoid 


Fig. 8.282 How to find the thyroid gland. A. In a woman, anterior view of neek. B. In a man, anterior view of neek. 


























Surface anatomy • Major Features ofthe Faee 



External ear 


External acoustic meatus 




Superior margin of orbit 


Frankfort line 


Inferior margin of orbit 


Fig. 8.283 Estimating the position of the middle meningeal artery. Lateral head and neek of a man. 


In lateral blows to the head the middle meningeal artery 
ean be ruptured, leading to extradural hemorrhage and 
eventual death if not treated. 

The anterior braneh of the middle meningeal artery is 
the part of the vessel most often torn. This braneh is in the 
temple region of the head, approximately midway between 
the superior margin of the orbit and the upper part of the 
external ear in the pterion region. The pterion is a small 
circular area enelosing the region where the sphenoid, 
frontal, parietal, and temporal bones of the skull eome 
together. 

Lateral blows to the head ean fracture the internal table 
of bone of the skull and tear the middle meningeal artery 
in the outer layer of dura mater that is fused to the cranium. 
Blood under pulsatile arterial pressure leaks out of the 
vessel and gradually separates the dura from the bone, 
forming a progressively larger extradural hematoma. 


Major features of the faee 

The major features of the faee are those related to the ante- 
rior openings of the orbit, the nasal eavities, and the oral 
eavity (Fig. 8.284). 

The palpebral fissures are between the upper and lower 
eyelids and ean be opened and elosed. The oral fissure is the 
gap between the upper and lower lips and ean also be 
opened and elosed. 


Region for testing [Vfi 


Palpebral fissure 



Nostríl 


Oral fissure 


Philtmm 


Orbicularis oris 


Region for testing 
sensory of [V 3 ] 


Fig. 8.284 Major features of the faee. Anterior head and neek of 
a woman. 
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Head and Neek 



The sphineter muscles of the oral and palpebral fissures 
are the orbicularis oris and orbicularis oculi muscles, 
respeetively. These muscles are innervated by the faeial 
nerve [VII]. 

The nares are the anterior apertures of the nasal eavi- 
ties and are continuously open. 

The vertieal groove in the midline between the external 
nose and the upper lip is the philtmm. 

Sensory innervation of the faee is earried by the trigemi- 
nal nerve [V]. The three divisions of this nerve are repre- 
sented on the faee and ean be tested by touching the 


forehead (the ophthalmie nerve [VJ), the anterior eheek 
(the maxillary nerve [V 2 ]), and skin over the anterior body 
of the mandible (the mandibular nerve [V 3 ]). 

The eye and laerimal apparatus 

Major features of the eye include the selera, eornea, iris, 
and pupil (Fig. 8.285). The eornea is continuous with the 
selera and is the elear circular region of the external eover- 
ing of the eye through which the pupil and iris are visible. 
The selera is not transparent and is normally white. 




Flow of tears 


I nferior eana licu!us 
Nasoíaerimat duct 




llpper eyelid Pupil Iris 




Selera 


Medial commissure 


Lateral commissure 



Lower eyelid 



Laerimal fold 


Palpebral fissure 


Laerimal caruncle 


Laerimal punctum 


Laerimal papilla 

e 
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Fig. 8.285 Eye and laerimal apparatus. A. Faee of a woman. Laerimal apparatus and the flow of tears are indieated. B. Left eye and 
surrounding structures. C. Left eye and surrounding structures with lower eyelid pulled down to reveal the laerimal papilla and laerimal 
punctum. 

































































Siirfaee anatomy • External Ear 
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The upper and lower eyelids of eaeh eye enelose between 
them the palpebral fissure. The eyelids eome together at the 
medial and lateral palpebral commissures on either side of 
eaeh eye. 

At the medial side of the palpebral fissure and lateral to 
the medial palpebral commissure is a small triangular soft 
tissue structure (the laerimal lake). 

The elevated mound of tissue on the medial side of the 
laerimal lake is the laerimal caruncle, and the lateral 
margin overlying the selera is the laerimal fold. 

The laerimal apparatus eonsists of the laerimal gland 
and the system of ducts and ehannels that eolleets the 
tears and drain them into the nasal eavity. Tears hydrate 
and maintain the transpareney of the eornea. 

The laerimal gland is assoeiated with the upper eyelid 
and is in a small depression in the lateral roof of the orbit 
just posterior to the orbital margin. The multiple small 
ducts of the gland open into the upper margin of the eon- 
junctival sae, which is the thin gap between the deep 
surface of the eyelid and the eornea. 

Tears are swept medially over the eye by blinking and 
are eolleeted in small openings (laerimal puncta), one on 
eaeh of the upper and lower eyelids near the laerimal lake. 

Eaeh punctum is on a small raised mound of tissue (a 
laerimal papilla), and is the opening of a small eanal (lae- 
rimal canaliculus) that eonneets with the laerimal sae. 


The laerimal sae is in the laerimal fossa on the medial 
side of the orbit. From the laerimal sae, tears drain via the 
nasolaerimal duct into the nasal eavitv. 


External ear 

The external ear (Fig. 8.286) eonsists of the auricle 
and the external acoustic meatus. The auricle is sup- 
ported by eartilage and is eovered by skin. The external 
auditory meatus is near the anterior margin of the 
auricle. 

The auricle is eharaeterized by a number of depressions, 
eminenees, and folds. The folded outer margin of the 
auricle is the helix, which ends inferiorly as the lobule. 
A smaller fold (the antihelix) parallels the contour of 
the helix and is separated from it by a depression (the 
seaphoid fossa). 

The tragus is a small eminenee anteroinferior to the 
external acoustic meatus. Opposite the tragus and at the 
end of the antihelix is another eminenee (the antitragus). 
The depression between the tragus and antitragus is the 
intertragie incisure. 

The deepest depression (the eoneha) is braeketed by the 
antihelix and leads into the external acoustic meatus. 
Other depressions include the triangular fossa and the 
eymba eonehae. 


Concha 

Depression 

Helix 

Antihelix 

External acoustic meatus 



Triangular fossa 
Gymba eonehae 

Tragus 

intertragíe incísure 
Antitragus 

Lobule 


Fig. 8.286 External ear. Lateral view of the right ear of a woman. 
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Pulse points 

Arterial pulses ean be felt at four loeations in thehead and 
neek (Fig. 8.287). 

Carotid pulse—the eommon or external earotid artery 
ean be palpated in the anterior triangle of the neek. This 
is one of the strongest pulses in the body. The pulse ean 
be obtained by palpating either the eommon earotid 
artery posterolateral to the lary nx or the external earotid 
artery immediately lateral to the pharynx midway 
between the superior margin of the thyroid eartilage 
below and the greater horn of the hyoid bone above. 


Faeial pulse—the faeial artery ean be palpated as it 
erosses the inferior border of the mandible immediately 
adjaeent to the anterior margin of the masseter muscle. 
Temporal pulse—the superfìcial temporal artery ean be 
palpated anterior to the ear and immediately postero- 
superior to the position of the temporomandibular 
joint. 

Temporal pulse—the anterior braneh of the superficial 
temporal artery ean be palpated posterior to the zygo- 
matie proeess of the frontal bone as it passes lateral to 
the temporal faseia and into anterolateral regions of the 
sealp. In some indivkhials pulsations of the superficial 
temporal artery ean be seen through the skin. 



Temporal pulse 
(superficial temporal artery) 


Oarotid pulse 




Temporal pulse 
(anterior braneh of 
superficial temporal artery) 
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Fig. 8.287 Where to take arterial pulses in the head and neek. 
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Ginieal eases 


Case 1 

MULTINODULAR GOITER 

A 50-year-old overweight woman eame to the doetor 
eomplaining of hoarseness of voiee and noisy 
breathing. She was also eoneerned at the inerease in 
size of her neek. On examination she had a slow piilse 
rate (45 beats per miniite). She also had an irregular 
knobby mass in the anterior aspeet of the lower neek, 
which deviated the traehea to the right. 

A elinieal diagnosis of a multinodular goiter and 
hypothyroidism was made. 

Enlargement of thethyroid gland is due to inereased 
seeretion of thyroid-stimulating hormone, which is 
usually seeondary to diminished output of thyroid 
hormones. Thethyroid undergoes periods of aetivity and 
regression, which ean lead to the formation of nodules, 
some of which are solid and some of which are partially 
eystie (eolloid eysts). This nodule formation is 
compounded by areas of fibrosis within the gland. Other 
causes of multinodular goiter include iodine defieieney 
and in eertain eireomstanees, drugs that interfere with 
the metabolism and production of thyroxine. The typieal 
symptom of a goiter is a painless swelling of the thyroid 
gland. It may be smooth or nodular, and oeeasionally it 
may extend into the superior mediastinum as a 
retrosternal goiter. 

The traehea was deviated. 

The enlargement of the thyroid gland due to a 
multinodular goiter may not be symmetrieal. In this ease 
there was signifieant asymmetrieal enlargement of the 
left lobe of the thyroid deviating the traehea to the right. 

The patient had a hoarse voiee and noisy breathing. 

If the thyroid gland enlargement is signifieant it ean 
eompress the traehea, narrowing it to such an extent that 
a "crowing sound" is heard during inspiration (stridor). 

Other possible causes for hoarseness include paralysis of 
the voeal eord due to eompression of the left recurrent 
laryngeal nerve from the goiter. Of eoneern is the 
possibility of malignant ehange within the goiter direetly 
invading the recurrent laryngeal nerve. Fortunately, 
malignant ehange is rare within the thyroid gland. 


When patients have a relatively low production of 
thyroxine such that the basal metabolie rate is reduced 
they beeome more susceptible to infeetion, including 
throat and upper respiratory traet infeetions. 

On examination thethyroid gland moved during 
swallowing. 

eharaeteristieally, an enlarged thyroid gland is evident as 
a neek mass arising on one or both sides of the traehea. 
The enlarged thyroid gland moves on swallowing 
because it is attaehed to the larynx by the pretraeheal 
faseia. 

The patient was hypothyroid. 

Hypothyroidism refers to the elinieal and bioehemieal 
state in which the thyroid gland is underactive 
(hyperthyroidism refers to an overaetive thyroid gland). 
Some patients havethyroid masses and no elinieal or 
bioehemieal abnormalities—these patients are 
euthyroid. 

The hormone thyroxine eontrols the basal metabolie rate; 
therefore, low levels of thyroxine affeet the resting pulse 
rate and may produce other ehanges, including weight 
gain, and in some eases depression. 

The patient was insistent upon surgery. 

After discussion about the risks and eomplieations, a 
subtotal thyroideetomy was performed. After the 
procedure the patient eomplained of tingling in her 
hands and feet and around her mouth, and earpopedal 
spasm. These symptoms are typieal of tetany and are 
caused by low serum calcium levels. 

The etiology of the low serum calcium level was trauma 
and bruising of the four parathyroid glands left in situ 
after the operation. Undoubtedly the trauma of removal 
of such a large thyroid gland produced a ehange within 
the parathyroid gland, which failed to function 
appropriately. The seeretion of parathyroid hormone 
rapidly deereased over the next 24 hours, resulting in 
inereased excitability of peripheral nerves, manifest by 
earpopedal spasm and orofaeial tingling. Muscle spasms 
ean also be elieited by tapping the faeial nerve [VII] as it 

(continues) 
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Case 1 (coritinued) 

emerges from the parotid gland to produce twitching of 
the faeial muscles (Chvostek's sign). 

The patient reeovered from these symptoms due to a low 
calcium level over the next 24 hours. 

At her return to the elinie the patient was plaeed on 
supplementary oral thyroxine, which is neeessary after 
removal of the thyroid gland. 

The patient also eomplained of a hoarse voiee. 

The etiology of her hoarse voiee was damage to the 
recurrent laryngeal nerve. 


The recurrent laryngeal nerve lies elose to the thyroid 
gland. It may be damaged in difficult surgical procedures, 
and this may produce unilateral spasm of the ipsilateral 
voeal eord to produce a hoarse voiee. 

Sinee the thyroideetomy and institution of thyroxine 
treatment, the patient has lost weight and has no further 
eomplaints. 


Case 2 

PAROTID DUCT CALCULUS 

A 25-year-old man eomplained of signifìeant swelling 
in front of his right ear before and around mealtimes. 
This swelling was assoeiated with eonsiderable pain, 
which was provoked by the ingestion of lemon 
sweets. On examination he had tenderness around 
the right parotid region and a hard nodule was 
demonstrated in the buccal mucosa adjaeent to the 
right upper molar teeth. 

A diagnosis of parotid duct calculus was made. 

The formation of stones in the salivary glands is not 
uncommon ; but it is more likely in the submandibular 
gland than in the parotid gland because the saliva is 
more mucinous and the duct has a long upward course 
from the floor of the mouth. Nevertheless, stones do 
form in the parotid gland and the parotid ducts. Notably, 
most parotid duct calculi and submandibular duct calculi 
occur in mouths with excellent dental hygiene and 
mucosa. 

An ultrasound sean was performed. 

An initial ultrasound sean demonstrated a stone in the 
distal end of the right parotid duct with evidenee of 
ductal dilatation ( : íg. 8.288). Assessment of the gland 
also demonstrated dilated ducts within the gland and 
evidenee of intraparotid lymphadenopathy. 

The patient was treated with antibioties. 

A course of antibioties was given to remove the baeteria 
that had produced the inflammation. On return to the 
doetor some days later the gland was normal in size and 
there was no evidenee of inflammation or infeetion. 


Masseter muscle 


Duct Stone 



Fig. 8.288 Ultrasound sean (axial view) demonstrating a stone 
in a dilated parotid duct. 


An operation was neeessary. 

The stone was at the distal end of the parotid duct and it 
would seem logieal and straightforward to make a small 
ineision at the sphineter in the buccal mucosa and deliver 
the stone, thus permitting the gland to drain normally. 
Unfortunately, in this patient's ease the gland was 
signifieantly destroyed by the ehronie obstruction and 
baeterial infeetion. Forthermore, smaller calculi were also 
demonstrated in the gland at ultrasound. On direet 
questioning it appeared that the patient had had 
numerous attaeks over the previous 4-5 years and it was 
deeided that the parotid gland should be removed 
surgically. 
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Gase 2 (continued) 

The patient eonsented for removal of the parotid gland 
and a discussion ofthe possibility for loss of faeial 
function and faeial paralysis was had with the patient at 
this time. 

Within the parotid gland the faeial nerve [VII] divides into 
its five terminal branehes. At operation the gland is 
displayed and extremely careful disseetion is neeessary to 
peel away the parotid gland from the branehes of the 
faeial nerve [VII]. This procedure was made more diffìcult 
by the ehronie inflammatory ehange within the gland. 
After the procedure the patient made a good reeovery, 
though there was some mild paralysis of the whole of the 


right side of the faee. Importantly, taste to the anterior 
two-thirds of the tongue was preserved. The taste fibers 
to the anterior two-thirds of the tongue travel in the 
ehorda tympani nerve, which is a braneh of the faeial 
nerve [VII]. This nerve leaves the faeial nerve [VII] to join 
the lingual nerve proximal to the parotid gland; therefore, 
any damage to the faeial nerve [VII] within the parotid 
gland does not affeet speeial sensation (taste). 

Over the following week the paralysis improved and was 
likely due to nerve bmising during the procedure. The 
patient remained asymptomatie. 


Case 3 

EXTRADURAL HEMATOMA 

A 33-year-old man was playing erieket for his loeal 
Sunday team. As the new bowler pitehed the ball 
short, it boiineed higher than he antieipated and hit 
him on the side of his head. He immediately fell to the 
ground unconscious, but after about 30 seeonds he 
was helped to his feet and felt otherwise well. It was 
noted he had some bruising around his temple. He 
deeided not to continue playing and went to watch 
the mateh from the side. Over the next hour he 
beeame extremely sleepy and was eventually 
unrousable. He was rushed to hospital. 

When he was admitted to hospital, the patient's 
breathing was shallow and irregular and it was neeessary 
to intubate him. A skull radiograph demonstrated a 
fracture in the region of the pterion. No other 
abnormality was demonstrated other than minor soft 
tissue bruising over the left temporal fossa. 

A CT sean was performed. 

The CT sean demonstrated a lentiform area of high 
density within the left eranial fossa. 

A diagnosis of extradural hemorrhage was made. 

Fractures in the region of the pterion are extremely 
dangerous. A division of the middle meningeal artery 


passes deep to this structure and is subject to laeeration 
and disruption, espeeially in conjunction with a skull 
injury in this region. In this ease the middle meningeal 
artery was torn and started to bleed, producing a large 
extradural elot. 

The patient's blood pressure began to inerease. 

Within the skull there is a fixed volume and elearly what 
goes in must eome out (e.g v blood r eerebrospinal fluid). If 
there is a space-occupying lesion, such as an extradural 
hematoma, there is no spaee into which it ean 
deeompress. As the lesion expands, the brain beeomes 
eompressed and the intraeranial pressure inereases. This 
pressure eompresses vessels, so lowering the eerebral 
perfusion pressure. To eombat this the homeostatie 
meehanisms of the body inerease the blood pressure to 
overeome the inerease in intraeerebral pressure. 
Unfortunately, the inerease in intraeranial pressure is 
compounded by the eerebral edema that occurs at and 
after the initial insult. 

An urgent surgical procedure was performed. 

Burr holes were plaeed around the region of the 
hematoma and it was evacuated. The small braneh of the 
middle meningeal artery was ligated and the patient 
spent a few days in the intensive eare unit. Fortunately 
the patient made an uneventful reeovery. 
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Case 4 

STENOSIS OF THE INTERNAL CAROTID ARTERY 

A 60-year-old woman was brought to the emergeney 
department with acute right-sided weakness, 
predominantly in the upper limb, which lasted for 
24 hours. She made an uneventful reeovery, but was 
extremely eoneerned about the nature of her illness 
and went to see her loeal doetor. 

A diagnosis of a transient isehemie attaek (TIA) was made. 

A TIA is a neurological defieit resolving within 24 hours. It 
is a type of stroke. 

Neurological defieits may be permanent or transient. 

Most transient events resolve within 21 days; any failure 
of resolution beyond 21 days is an established stroke. 

An investigation into the cause of the TIA was 
undertaken. 

Eighty-five pereent of all strokes result from eerebral 
infaretion, of which most are due to embolization. 

A duplex Doppler sean of the earotid vessels was 
performed. 

The majority of emboli originate from plaques that 
develop at and around the earotid bifurcation. Emboli 
eonsist of platelet aggregates, eholesterol, and 
atheromatous debris. Emboli may also arise from 
the heart seeondary to eardiae tumors or myoeardial 
infaretion. 

The lesion in the brain was on the left side. 

The motor cortex for the whole of the right side of the 
body is represented in the left motor strip of the brain, 
which sits on the preeentral gyrus. 

The duplex Doppler ultrasound sean demonstrated a 
signifieant narrowing (stenosis) of the left internal 
earotid artery with evidenee of plaque formation and 
abnormal flow in this region. The narrowing was 
approximately 90%. 


Treatment required an operation. 

A earotid endartereetomy (removal of the stenosis and 
the atheromatous plaque) was planned. This procedure is 
indieated in the presenee of an ulcerating plaque with 
stenosis. The procedure was earried out under general 
anesthetie and a curvilinear ineision was plaeed in the left 
side of the neek. The eommon earotid, external earotid, 
and internal earotid arteries were displayed. All vessels 
were elamped and a shunt was plaeed from the eommon 
earotid artery into the internal earotid artery to maintain 
eerebral blood flow during the procedure. The internal 
earotid artery was opened and the plaque excised. 

After the procedure the patient did extremely well and 
suffered no further eerebral events. However, a new 
medieal student examined the patient the following day 
and demonstrated a number of interesting fìndings. 
These included altered skin sensation inferior to the left 
mandible, altered sensation on the left side of the soft 
palate, a paralyzed left voeal eord, inability to shrug the 
left shoulder 7 and a tongue that deviated to the left. 

The etiology of these injuries was due to loealized 
nerve trauma. 

This eonstellation of neurological defieits ean be 
accounted for by trauma to the nerves that are elose to 
the earotid bifurcation. The ehanges in skin sensation 
ean be accounted for by a neurapraxia due to damage to 
eervieal nerves. The alteration in sensation in the soft 
palate is due to neurapraxia of the glossopharyngeal 
nerve [IX]. The paralyzed left eord results from 
neurapraxia of the recurrent laryngeal nerve, while the 
inability to shrug the shoulder is due to neurapraxia of 
the aeeessory nerve [XI]. Deviation of the tongue ean be 
accounted for by damage to the hypoglossal nerve [XII]. 

Most of these ehanges are transient and are usually due 
to traetion injuries during the surgical procedure. 
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Case 5 

POSTERIOR COMMUNICATING ARTERY ANEURYSM 

A 33-year-old fit and well woman eame to the 
emergeney department eomplaining of double vision 
and pain behind her right eye. She had no other 
symptoms. On examination of the right eyethe pupil 
was dilated. There was a mild ptosis. Testing of eye 
movement revealed that the eye turned down and 
out and the pupillary ref1ex was not present. 

These findings revealed that the patient had an ipsilateral 
third nerve palsy (palsy of the oculomotor nerve [III]). 

The oojlomotor nerve [111] is the main motor nerve to the 
ocular and extra-ocular muscles. It arises from the 
midbrain and pierees the dura materto run in the lateral 
wall of the cavernous sinus. The oculomotor nerve [111] 
leaves the eranial eavity and enters the orbit through the 
superior orbital fissure. Within this fissure it divides into 
its superior and inferior divisions. 

The site of the nerve lesion needs to be assessed. 

Third nerve palsy may involve the nucleus of the 
oculomotor nerve [III], which typieally spares the pupil 
and is painless. The pupillary reflexes are supplied from 
the autonomic fibers of the Edinger-Westphal nucleus, 
which pass through the eiliary ganglion. 


The lesion eannot be a primary oculomotor nerve [111] 
nuclear injury. 

As both the pupillary reflexes and vision are affeeted, the 
lesion is likely to be along the course of the oculomotor 
nerve [III]. Medieal eonditions such as diabetes mellitus 
and vascular disease may produce an isolated 
oculomotor nerve [111] injury, but they are not assoeiated 
with pain. 

The lesion was caused by an aneurysm. 

One of the eommonest causes of a third nerve palsy is 
pressure on the nerve from a posterior communicating 
artery aneurysm, which lies parallel to the nerve on the 
anterior aspeet of the brainstem. As the aneurysm abuts 
the outside of the oculomotor nerve [III], it involves the 
parasympathetie fibers, which lead to a predominanee of 
the loss of pupillary function over general function. 

The aneurysm was imaged with an angiogram. 

The patient initially underwent CT and MRI seanning. 
Currently, the definitive test for assessment of aneurysms 
arising from the eirele of Willis and its branehes is a digital 
subtraction angiogram. The angiogram demonstrated the 
posterior communicating artery aneurysm. The patient 
underwent surgery and made an excellent reeovery. 


Case 6 

RECURRENT EPISTAXIS 

A 10-year-old boy was brought to an ENT surgeon 
(ear, nose, and throat surgeon) with epistaxis (nose 
bleeding). The bleeding was assoeiated with his nose 
pieking habit. However, the bleeding was profuse and 
on two oeeasions required hospital admission and 
nasal paeking. 

On inspeetion an indurated area was noted. 

The typieal findings are an indurated area in the anterior 
inferior aspeet of the nasal septum (Kiesselbaeh's area). 
This is a very vascular area that has a eonsiderable 
number of veins, which are often traumatized during 
nose pieking. 

The patient underwent treatment. 

Typieal treatment is cauterization of these prominent 
veins in Kiesselbaeh's area, which is usually performed 


by a simple loeal analgesia and the applieation of 
silver nitrate. 

Unfortunately, the boy was involved in a fìght the next 
day and again developed severe epistaxis, which again 
was difficult to eontrol. 

Not only is there a rieh venous plexus around 
Kiesselbaeh's area, but there is also a signifieant arterial 
supply, which is provided from the nasal septal branehes 
of the posterior and anterior ethmoidal arteries and the 
branehes of the greater palatine artery. These are 
supplemented from the septal branehes of the 
superior labial artery. 

In most eases treatment is eonservative. 

Conservative treatment usually involves paeking the nasal 
eavity until bleeding has stopped and eorreeting any 
bleeding abnormality. In patientswith bleeding refraetory 

(contiriues) 
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Case 6 (continued) 

to medieal treatment a series of maneuvers have been 
employed, including ligating the anterior and posterior 
ethmoidal arteries through a medial ineision in the 
canthus orbit, or by ligating other major arteries 
supplying the nasal eavity. Unfortunately, many of these 
procedures fail because of the rieh and diverse origin of 
blood supply to the nasal eavity. 

Determination of the speeifie site of bleeding ean be 
aehieved radiologieally. 

By plaeing a eatheter from the femoral artery through the 
aorta and into the earotid circulation the sphenopalatine 


artery ean be easily cannulated from the maxillary braneh 
of the external earotid artery. Bleeding ean usually be 
demonstrated and the vessel ean be embolized using 
small partieles. 

Fortunately in this young boy's ease, bleeding stopped 
afterfurther medieal management and he remained 
asymptomatie. 


Case 7 

COMPLICATION OF ORBITAL FRACTURE 

A 35-year-old man was involved in a fìght and 
sustained a punch to the right orbit. He eame to 
the emergeney department with double vision. 

The double vision was only in one plane. 

Examination of the orbits revealed that when the patient 
was asked to look upward the right eye was unable to 
rotate superiorly when adducted. There was some 
limitation in general eye movement. Assessment of the 
lateral rectus muscle (abducent nerve [VI]), superior 
oblique muscle (troehlear nerve [IV]), and the rest of the 
eye muscles (oculomotor nerve [III]) was otherwise 
unremarkable. 

The patient underwent a CT sean. 

A CT sean of the faeial bones demonstrated a fracture 
through the floor of the orbit (Fig. 8.289). 

A careful review of this CTsean demonstrated thatthe 
inferior oblique muscle had been pulled inferiorly with 
the fragment of bone in the fracture. This produced a 
tethering effeet, so when the patient was asked to gaze 
in the upward direetion, the left eye was able to do so 
but the right eye was unable to because of the tethered 
inferior oblique muscle. 

The patient underwent surgical exploration to elevate the 
small bony fragment and return the inferior oblique to its 
appropriate position. On follow-up the patient had no 
eomplieations. 


Orbit Oranial eavity 



Fracture and inferior rectus muscle 


Fig. 8.289 Coronal CT sean demonstrating an orbital blowout 
fracture. 


1134 













Ginieal eases * Case 8 



Case 8 

PITLJITARY MACROADENOMA 

A 30-year-old woman eameto her doetor with a 
history of amenorrhea (absenee of menses) and 
galaetorrhea (the prodiietion of breast milk). She was 
not pregnant and appeared otherwise fit and well. 

Serum prolaetin was measured. 

Prolaetin is a hormone produced by the pituitary gland 
and neeessary for the production of breast milk 
postpartum.This hormone was markedly elevated. 

Further elinieal tests demonstrated visual field defeets. 

The patient went to see an optometrist who performed a 
visual fìeld assessment and demonstrated a reduction in 
the lateral aspeets of the normal visual fields. This was 
bilateral and symmetrieal—a bilateral temporal 
hemianopia. 

The visual pathways have now determined the site of the 
lesion. 

Visual information from the temporal fields is projeeted 
onto the medial aspeet of the retina bilaterally. The visual 
information from the medial aspeets of the retina is 
earried in fibers that eross the midline through the optie 
ehiasm to the opposite side. 

The lesion is in the area of the optie ehiasm. 

Any dismption of the optie ehiasm produces the field 
defeet of bitemporal hemianopia. Tumors of the optie 
ehiasm are unusual, though gliomas do occur. More 
frequently, eompression of the optie ehiasm by tumors in 
the vieinity is the usual cause for bitemporal hemianopia. 

A pituitary tumor was diagnosed. 

The optie ehiasm is anterior and extremely elose to the 
pituitary gland. Given that the patient is producing 
excessive amounts of prolaetin (a pituitary tumor) and 
there is loss of the function of the ehiasm, the most 
likely elinieal explanation is an exophytic pituitary 
tumor eompressing the optie ehiasm. 

An MRI sean was performed and demonstrated a large 
tumor (maeroadenoma) of the pituitary gland. 

Drug treatment was eommeneed and the tumor shrank 
( ig. 8.290). The endoerinologieal effeets ofthe prolaetin 
seeretion also stopped. 


Follow-up seans were performed. 

Over the ensuing few years the tumor shrank. 
Llnfortonately, the patient again began to seerete 
prolaetin and surgery was performed. 

A transsphenoidal approaeh was undertaken. 

With meticulous accuracy a series of very fine instmments 
was passed through the nasal eavity into the sphenoid 
bone. The bone was drilled and via this approaeh the 
pituitary gland was removed. 

Extreme eare must be taken because on both sides of 
the pituitary gland is the cavernous sinus through 
which the internal earotid artery, oculomotor nerve [III], 
troehlear nerve [IV], trigeminal nerve [V], and abducent 
nerve [VI] pass. 


Internal earotid artery 


Lateral ventriele 



Optio ehíasm 


Fig. 8.290 Coronal MRI showing pituitary maeroadenoma. 
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Aseending part of duodenum, 313 
Aseending pharyngeal artery, 961,1012t, 1013, 
lllOf 

Atheroselerosis, 27b 
Atlas (CI), 69f — 71 f, 71, 844f 

Atrialseptal defeet, 203 
Atrioventricular bundle, 206 
Atrioventricular node, 206 
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Atrioventricular ring, 19 7f 
Atrophy, muscle, 2 6b 
Atypieal ribs, 146f 
Auditory ossieles 
incus, 963 
malleus, 962 

muscles assoeiated with 963 
stapes, 963 
Auricles 

eardiae, 191f, 19 3f 
otie, 954-955, 1127 
Auricular muscles, 905t-906t, 910f 
Auriculotemporal nerve, 912, 915f, 985-986, 
1104f 

Auscultation 
eardiae, 204b 

positions, for heart valves, 236f 
Autonomic nervous system 38 
parasympathetie part, 45-46 
sympathetie part, 40-45 
Avascular neerosis, 16b 
of proximal seaphoid, 79 7b 
Axes of orbit and eyeball 937f 
Axial plane, 3f 
Axial skeleton, 12f 
Axilla 

anterior wall, 721f-722f, 723-726 
elavipeetoral faseia, 725-726 
peetoralis major muscle, 724 
peetoralis minor muscle, 725 
subclavius muscle, 724-725 
as area of transition, 686f, 721-736 
axillary inlet, 130f, 694f, 723, 847f 
íloorof, 731 

lateral wall 721f-722f, 727-728 
medial wall, 721f-722f 

intereostobraehial nerve, 727 
serratus anterior muscle, 726-727 
posterior wall 721f-722f, 728-730 
gateways in, 730-731 
latissimus dorsi muscle, 730 
long head of trieeps braehii muscle, 730 
subscapularis muscle, 730 
teres major muscle, 730 
Axilla: eontents of, 731-736 
axillary artery, 733-735 
axillary proeess of mammary gland, 749 
axillaryvein 736 
bieeps braehii muscle, 732 
braehial plexus, 738-742 
eoraeobraehialis muscle, 732-733 
loeating, 820-821 
lymphaties 

apieal nodes, 749 
eentral nodes, 749 
humeral nodes, 748 
peetoral nodes, 748 
subscapular nodes, 749 
Axillary artery, 694f, 733-735 
Axillary nerve, 698f-699f, 719, 746, 819f 
Axillary nodes, 30f, 748-749 
Axillary proeess, 13 lf, 140f, 232f, 695f 
of mammary gland, 749 
Axillary pulse, 827, 828f 
Axillary sheath 731f 
Axillary tail of breast, 141b 
Axillary vein 694f, 700f, 736 
Axis (CII), 69f-71f, 71, 844f 
Azygos system of veins, 226-227 
Azygos vein 133f, 157f, 170f, 219f, 227 


B 

Baek 

bones, 56-57 
functions, 54-55 
general deseription, 53 
innervation of. 63 
joints, 77-78 
ligaments, 80-82 

long vertebral eolmnn and short spinal eord, 
62 

pain, 79b, HOb, 118b 


Baek (Continued) 
relationship to 
head, 61 
limbs, 62 

thorax, abdomen, and pelvis, 62 
upper limb 694-695 
skeletal framework, 64-73 
spinaleord, 99-109 
spinal nerves, 60 

intervertebral foramina and, 63 
surface anatomy, 111-116 
vertebral eanal 5 9 
Backmuscles, 57, 84-99, 695f 
deep group 

ereetor spinae muscles, 93-95 
segmental muscles, 97 
spinotransversales muscles, 92 
thoraeolmnbar faseia, 92 
transversospinales muscles, 95-97 
identifying major muscles, 116 
intermediate group, 90,911 
suboccipital rmiseles, 97-99 
superíìcial group, 84-90 
latissimus dorsi. 89 
levator scapulae, 89 
rhomboid minor and rhomboid major, 

89-90 
trapezius, 87 
Balanee, organs of, 968 
Ball and soeket joints, 20 
Bare area o f liver, 331 
Barimn sulfate suspension, 6 
Bartholin’s glands, 508 
Base of brain 
arteries of, 882f 
eranial nerves on, 89 7f 
Base of heart, 184-186, 185f, 189f 
Basilar membrane, 968f 
Basilar part of oeeipital bone, 862f, 863 
Basilar tip aneurysm 885f 
Basilie vein, 700f, 73 6f, 759f, 814f 
Bell’s palsy, 921b 
Benign prostatie hypertrophy, 474 
Biaxial synovial joints, 19 

Bieeps braehii muscle, 7311, 732, 754-755, 755t, 
776 

Bieeps braehii tendon, 732f 
rupture, 755b 

Bieeps femoris muscle, 598, 599f 

Bieipital aponeurosis, 732f, 754, 757f-758f 

Bieipital groove, 704 

Bieondylar joints, 20 

Bifurcate ligament, 642-643 

Bileduct, 335f, 337 

Biopsy 

bone marrow, 444b 
liver, 411b 

Blood pressure measiirement, 756b 
Blood supply 
to brain 880-883 
todiaphragm 371 
tofemoral head and neek, 557 
to gut. 272f 
to hand, 810-814 
tohipjoint, 561f 

tonasal eavities, 1072, 1082-1084 
to upper limb, imaging of. 73 7b 
Blood tests, plasma enzymes, 245 
Blood vessels, 27 
of breast, 131 
offaee, 916-920 
major, visualizing position of, 406 
of perinemn 516 
Bodyof elitoris, 507 
Body of isehimn 443f 
Bodyof penis, 507f 
Body of pubis, 453f, 552f 
Body of sphenoid bone, 861 
Body of sternmn 147 
Body systems 

cardiovascular system, 2 7 
lymphatie system 29-30 
muscular system, 2 5 
nervous system, 31-48 


Body systems (Continued) 
skeletal system 12-21 
skin and faseias, 24-25 
Bone marrow 
biopsy, 444b 

sternal, eolleetion of, 152b 
transplant, 15b 
Bone(s) 

avascular neerosis of, 16b 
of baek. See Vertebrae 
elassiíìeation by shape, 13 
of foot, 542f 
fractures. SccFractures 
of hand, 793-795 
of orbit, 92 7f 
osteoporosis of. 17b 
of pelvis, 441-445 
perineal nerves related to, 437 
in skeletal framework of nasal eavities, 
1072-1074 
ofthigh 584-589 
ofupperlimb 690-691 
Bony framework 

of infratemporal and temporal fossae, 973-975 
of neek: eervieal vertebrae, 844-845 
Bony labyrinth 
eoehlea, 966-967 
semicircular eanals, 966 
Bony orbit 
íloor, 928 
lateral wall 928 
medial wall 9 2 7-9 2 8 
roof, 927 
Bony pelvis 

acetabulum, 553 
ilium, 551-552 
isehial tuberosity, 552-553 
ischiopubic ramus and pubic bone, 553 
Borders of heart 188 
Borders of perinemn, 502, 503f 
Borders of scapula, 703f 
Bowel 

examination of lmnen, 316 
malrotation and volvulus, 325f 
obstmetion, 326b 
perforated, 306 

Braehial artery, 72Of, 756, 768 
branehes of, 757f-758f 
loeating in arm 821 

Braehial plexus, 49f, 130f, 696f, 738-742, 851f 
branehes 

of lateral eord, 742 
of medial eord, 742 
of posterior eord, 746 
of roots, 740-741 
of trnnks, 741-742 
eords, 739 
divisions, 739 
nerve bloek, 830b 
in posterior triangle of neek, 1030 
roots, 739 
trnnks, 739 

Braehial pulse, 827, 828f 
Braehial veins, paired, 736f, 759 
Braehialis muscle, 755 
Braehioeephalie nodes, 15 8f 
Braehioeephalie trunk, 216 
Braehioeephalie vein, 133f, 157f, 17lf, 1033f 
left, 211f, 213, 219f 
right 211f, 213, 219f 
Braehioradialis muscle, 785-787, 822f 
Brain. See also Meninges 
blood supply, 880-883 

eerebral arterial eirele (of Willis), 883 
internal earotid arteries, 882 
vertebral arteries, 882 
dieneephalon, 879 
hemispheres, 31-32 
hydrocephalus, 877b-878b 
intraeerebral aneurysm 885b 
lateral view, 879f 
meseneephalon (midbrain), 879 
meteneephalon, 879 

myeleneephalon (medulla oblongata), 879 


1139 




Index 


1140 


Brain (Continued) 

primary brain hemorrhage, 891 
stroke, 883b 
T2 MR [ 9f 

teleneephalon (eerebrmn), 879 
tumors, 878b 
venous drainage, 886-889 
Brainstem, 39f 
tumor, 835 

Branehes of abdominal aorta, 388t 
Branehes of aortie areh 216 
Branehes of axillary artery 

anterior circumflex hmneral artery, 735 
lateral thoraeie artery, 735 
posterior eiremnflex humeral artery, 735 
subscapular artery, 735 
superior thoraeie artery, 734 
thoraeoaeromial artery, 734-735 
Branehes of braehial plexus, 744t-745t 
lateral eord, 742, 743f 
medial eord, 742, 743f 
posterior eord, 746, 747f 
roots, 740-741 
tmnks, 741-742 

Branehes of external earotid artery, 1012t 
Branehes of intereostal nerves, 159f 
Branehes of lateral circumflex femoral artery, 601 
Branehes of lmnbar plexus, 3981 
Branehes of lmnbosaeral plexus, 564f 
Branehes of mandibular nerve 
auriculotemporal nerve, 985-986 
buccal nerve, 985 
deep temporal nerves, 985 
inferior alveolar nerve, 987 
lingual nerve, 986-987 
masseterie nerve, 985 
meningeal braneh, 984 
nerve to lateral pterygoid, 985 
nerve to medial pterygoid, 985 
Branehes of maxillary artery, 919, 990, 999 
Branehes of maxillary nerve 

greater and lesser palatine nerves, 995 
infraorbital nerve, 996 
nasal nerves, 995-996 
orbital branehes, 995 
pharyngeal nerve, 996 
posterior superior alveolar nerve, 996 
zygomatie nerve, 996 
Branehes of radial nerve, 761 
Branehes of saeral and eoeeygeal plexuses, 487f, 
489t-490t 

Branehes of thoraeie aorta, 225t 
Breast 

arterial supply, 139 
axillary proeess of. 749f 
axillary tailof. 141b 
eaneer of, 749b 
innervation, 139 
lymphatie drainage, 139-141 
in males, 141 

loeationof nipple, 231 f 
mammary glands, 139 
musculature, 695f 
relationship to thorax, 131 
retromammary spaee, 140f 
smfaee anatomy, 232 
venous drainage, 139 
Breast eaneer, 141b 
Breathing 

abdomen role in, 258f 
airway during, 852-853 
with food in oral eavity, 852f-853f 
as function of thorax, 124 
movements of diaphragm and thoraeie wall 
during 162 
Bregma, 860f 

Broad ligament, 476f, 483,499f 

Bronehial arteries, 174, 175f 
Bronehial branehes of thoraeie aorta, 225t 
Bronehial tree, 172-173 
Bronehial veins, 174 

Bronehomediastinal tmnks, 30f, 158, 177f, 392t, 
1037 

Bronchopulmonary segments, 172f, 173 


Bronehoseopy, 178b 
Buccal artery, 990f 
Buccal nerve, 915f, 985 

Buccinator muscle, 904f, 909,1092,1102f, 1107f 
Buccopharyngeal faseia, 1045 
Bulb of penis, 507f, 525f-526f 
artery of, 516 

Bulb of vestibule, 475f, 506, 523f-524f 
Bulbar sheath, 936 

Bulbospongiosus muscle, 439f, 508-510 
Bulbourethral glands, 473 
Bunion, 645b 
Bursa 

omental, 266f-267f, 304 
subacromial, inílamrnation of, 713b 
subtendinous, of subscapularis muscle, 708, 

709f 

suprapatellar, 609 
Bypass grafts, eoronary artery, 202 


e 

ei fìbers, hypoglossal nerve and, llOlf 
Calcaneocuboid joínt, 644 
Calcaneocuboid ligament, 643 
Calcaneofìbular ligament, 640f 
Calcaneus, 542f, 622f, 636-637 
Calculi 

bladder, 465b 
gallbladder, 34lb 
parotid duct, 913, 1130b-1131b 
urinary traet, 380b 
Calices, renal 377 
Calvaria, lateral portion of, 858 
Camper’s faseia, 280, 281 f, 288f 
Cancer 

bladder, 466b 
breast, 749b 
eervíeal, 480b 

esophageal 224b, 250b, 317f 
lung, 179b, 242b 
ovarian, 477b 
panereatie, 336b 
prostate, 474b 
stomaeh 318b 
urinary traet, 381b-382b 
vertebrae and, 77b 
Canine teeth, 1114, 1115f 
Capillaries, lymphatie, 29f 
Capitate bone, 793 
Caput medusae, 357 
Cardiac auscultation, 204b 
Cardiacconduction system, 206 
atrioventricular bundle, 206 
atrioventricular node, 206 
sinuatrial node, 206 
Cardiac innervation, 206-209 
Cardiac muscle, 2 5 
Cardiac plexus, 43f, 49f, 208f 
Cardiac skeleton, 197-198 
Cardiac veins, 204, 205 f 
Cardinal noteh 311 
Cardiovascular system 27 
Carina, 172f, 178f 
Carotid arteries, 881f 
Carotid bifurcation, 872f 
Carotid pulse, 1128 
Carotid sheath 1002 
Carotid system 1010-1013, 1012f 
Carotid triangleof neek, 1006, lOllf, 1022t 
Carpalarch 793, 794f-795f 
Carpal bones, 690f, 794f-795f 
articular surfaces, 793 
earpal areh 793 
distal row, 793 
ossiíìeation, 14 f 
proximal row, 793 
Carpal joints, 79 5 
Carpal tunnel 

as area of transition, 686f 
and structures at wrist, 798 
Carpal tunnel syndrome, 798b, 831 b 
Carpometacarpal joints, 796 


Cartilage 

alar, 1074, 1078f-1079f 
eostal 125, 144, 231f 
hyaline, 77f 
laryngeal 

arytenoid eartilages, 1055 
eorniculate eartilages, 1056 
erieoid eartilage, 840f, 848f, 1053 
cuneiform eartilages, 1056 
epiglottis, 1055 
thyroid eartilage, 1054 
loss, in degenerative joint disease, 22f 
types of 12 

Cartilaginous joints, 20-21 
Caruncle 
laerimal, 1126f 
sublingual, 1103f 
Cataracts, 948b 
Catheter, indwelling, 251 
Catheterization 
suprapubic, 466b 
iirelhreil, 469b 
viafemoral artery, 573 
Cauda equina, 105f, 108f 
Caudal position, 4 
Caudate lobe of liver, 3 3 Of, 331 
Caval obstruction, 418b 
Cavernous nerve, 492f-493f 
Cavernous simises, 888-889, 890f 
Cavity of larynx 
borders, 1059 
division into regions, 1059 
laryngeal ventrieles and saccules, 1059 
rima vestibuli and rima glottidis, 1059-1061 
Cecum 266f-267f, 314f, 319f, 320-321 
Ceilingof perinemn 502, 503f 
Celiac artery, 271 
Celiac ganglion, 362f, 397f 
Celiac plexus, 361, 395f 
Celiac trank, 272f, 343f, 351, 358, 388t 
eommon hepatie artery, 347 
lef't gastrie artery, 344 
splenie artery, 346 
Center of gravity, 53 7f, 540f, 612f 
Central nervous system (CNS) 
brain, 31-32 

functional subdivisions, 32-48 
meninges, 32 

parts assoeiated with viseeral motor eomponents, 

39f 

spinal eord, 32 
Central nodes, 749 
Central retinal artery, 941 
Central tendon of diaphragm 130f, 369f 
Central venous aeeess, 1005b 
Cephalic vein 700f, 724f. 736, 759f, 814f 
Cerebellum 880f 

Cerebral arterial eirele (of Willis), 883 
Cerebral vein 886f 
Cerebrospinal íluid (CSF) 
leak, 878b 
lmnbar tap, 106b 

withdrawn from subarachnoid spaee, 115f—116f 
Cerebrovascular aeeident, 883b 
Cerebrum 879 
Cerumen, 955 

Cervical eardiae nerves, 176f 
Cervical curvature, 54f, 112f 
Cervical enlargement, 99, 108f 
Cervical faseial eompartments, 1002 
Cervical ganglia. 359f, 738f, 1035f, 1036 
Cervical nerves, 109 
innervation of 

head and neek, 851 
upper limb, 695-699 
Cervical nodes, 30f, 1112f 
of neek, 1039 
Cervical pleura, 164 
Cervical plexus, 49f, 85lf 
cutaneous branehes, 1030 
muscular branehes, 1028 
Cervical region of baek, 61f 
Cervical ribs, 150b, 241b 
Cervical spinal eord injury, 118b 


Index 


Cervical vertebrae, 56f- 64, 69-71 
bony framework of neek, 844-845 
fusion of, 76 

levels CIII/CIV andCVI, 1121 
zygapophysial joint, 78f 
Cervix, 479 

eareinoma of, 480b 
Chalazion, 930 
ehambers of eyeball. 947 
Chambers of heart, 207f 
aortie valve, 196 
left atrium, 193-194 
leí’t ventriele, 194 
mitral valve, 194 
MRI, 190f 

pulmonary valve, 193 
pumps, 190 
right atrium 191-192 
right ventriele, 192 
tricuspid valve, 192-193 
Check ligaments, of medial and lateral rectus 
muscles, 936 
Cheekbone, 856 
Cheeks, 1091-1092 
Chest 

surgical aeeess to, 160b 
wound to, 242b-243b 

Chest radiograph 
of diaphragm 371f 
dosage of radiation exposure, 111 
interpretation of images, 10 
in myoeardial infaretion, 245 
showing upper lobe infeetion, 249f 
views of heart, 18 8f 
Chest tubes, thoraeostomy, 160b 
Chest wall 

anteriorand posterior, 23lf 

anterior view, 234f-235f 

stethoseope plaeements for listening to lungs, 

240f 

views showing lunglobes and íìssures, 23 7f 
Choanae, 846f, 1069f, 1081 
Chorda tympani nerve, 959f, 969-971, 987, 1104f, 
1105 

Chordae tendineae, 192 

Choroid, 947f, 950 

Chronic leg isehemia, 603 

Chylomicrons, 29 

Ciliary body, 947f, 950 

Ciliary ganglion, 45f, 850f, 899t, 946-947 

Circular muscle layer, 47f 

Circulation, eollateral, anastomoses and, 28b 

Circumduction of arm 688f 

Circumílex fìbular artery, 626 

Circumflex scapular artery, 718f, 720f, 721 

Cirrhosis 

of liver, 356b-357b 
suspected, biopsy for, 411 b 
eisterna ehyli, 158f, 177f, 227, 228f 
Clavicle, 130f’ 231f, 690f, 702, 839f 
fractures, 711b 

Clavipectoral faseia, 142f, 725-726 
Clavipectoral triangle, 700, 724f 
Clawed hand, 816f 
eiitoris, 475f, 506-508, 523f-524f 
Clivus, 868, 869f 
Coarctation of aorta, 217b, 247b 
Coccygeal cornu, 69f-71f 
Coccygeal nerve, 109 
Coccygeal plexus, 486f, 492 
Coccygeus muscles, 429, 455f, 456, 514f—515f 
Coccyx, 56f, 64f, 66, 72, 426f, 445 
tipof, 114f-116f 
Cochlea, 960f, 965f, 966-967 
Cochlear canaliculus, 967 
Cochlear duct, 966f, 968-969, 971f 
Cochlear nerve, 969-971 
Coelom, 33f, 38f 
Colic arteries, 348f 
Colic ílexures, 319, 323f 
in relation to kidneys, 374f 
Collateral circulation, anastomoses and, 28b 
Collateral ligaments of knee, 610f, 611-612 
Colles faseia, 280, 512 


Colles fracture, 774 
Colon, 322-323 
eareinoma, 462b 
eolostomy, 327-328, 415, 419 
Common earotid artery, 126f, 134f-135f, 848, 

872f, 1010-1011 

Common íibular nerve, 548f, 550, 606, 617, 665f, 
673f 

Common hepatie artery, 347 
Commoniliac arteries, 324f, 343f, 379f, 387f, 388t, 
462f, 561f 

obstmetion, 529b 
Common interosseous artery, 783 
Common palmar digital arteries, 812f 
Common tendinous ring, 935f 
Communication, head and neek roles in, 841 
Compartment syndrome, 590b 
Compound fractures, of skull vault, 872 
Compressor urethrae muscle, 4591 
Computed tomography (CT), 7-8 
axial view of abdomen, 330f, 334f 
ofbowelwall 318 
of head, 871 

high-resolution, of lungs, 178b 
interpretation of images, 10-11 
of lymph nodes, 31f 
of pulmonary veins, 19 5f 
through heart, 202f 
of urinary traet, 385 

volume-rendered reconstruction, o f abdominal 
aortie aneurysm 389f 
Concha 

of auricle, 954f, 1127f 

nasal eavity, 1070-1071, 1073f, 1078f-1079f 
Concussion, 893b 
Condylar (ellipsoid) joints, 20, 691 
Condylar proeess of ramus of mandible, 975 
Condyle 
of femur, 584 
of humerus, 752 
of tibia, 587-588 
Cones, 951 

Congenital disorders of GI traet, 325b 
Congenital heart defeets, 203b 
Conjoint tendon, 296f, 298f-300f 
Conjunctiva, 928f, 930 
Connective tissue layer of sealp 
dense, 922 
loose, 923 

Conoid tubercle, 702f, 706f 
Constrictions 
esophageal 224f 
uretenjb 380 

Constrictive periearditis 184b 
Constrictor muscles of pharynx, 861, 1094f 
Contents of axilla, 731-736 
axillary artery, 733-735 
axillary proeess of mammary gland, 749 
axillaryvein 736 
bieeps braehii muscle, 732 
braehial plexus, 738-742 
eoraeobraehialis muscle, 732-733 
loeating, 820-821 
lymphaties 

apieal nodes, 749 
eentral nodes, 749 
hmneral nodes, 748 
peetoral nodes, 748 
subscapular nodes, 749 
Contents of pterygopalatine fossa, 994-999 
maxillary artery, 998-999 
maxillary nerve, 995-996 
nerve o f pterygoid eanal and pterygopalatine 
ganglion, 997-998 
veins, 999 

Contents of temporal fossa 
deep temporal arteries, 980 
deep temporal nerves, 980 
middle temporal artery, 980-981 
temporalis muscle, 979-980 
zygomatieotemporal nerve, 980 
Contrast agents, 6 
in CT sean, 11 
Conus arteriosus, 193f 


Coracoacromial ligament, 709f 
Coracobrachialis muscle, 73lt, 732-733, 754, 
755t, 757f-758f 
Coracoclavicular ligament, 706f 
Coracoid proeess, 130f, 231f, 692f 
Cords of braehial plexus, 738f, 739 
branehes of 
lateral eord, 742, 743f 
medial eord, 742, 743f 
posterior eord, 746, 747f 
Cornea, 949 

Corneal (blink) reílex, 901 
Corniculate eartilages, 1056 
Corniculate tubercle, 1060f 
Cornua of coccyx, 445f 
Coronal plane, 3f 
Coronal suture, 860f, 864f 
Coronary arteries, 198-201 
elinieal terminology for, 201 b 
Coronary artery disease, 202 
Coronary ligaments, 331 f 
Coronary sinus, 185f, 191f, 192, 199f, 205f 
Coronary sulcus, 188, 189f, 199f 
Coronary vasculature 
eardiae veins, 204 
eoronary arteries, 198-201 
eoronary lymphatie, 204 
Coronoid fossa, 75 lf, 752 
Coronoid proeess, 752, 753f-754f, 979f 
Corpora eavernosa, 506 
Corpus spongiosum 506-507 
Corrugator supercilii muscle, 906 
Costal eartilage, 125, 144, 23lf 
Costal faeet, thoraeie, 144 
Costal margin, 134f-135f, 145f, 231f, 259f, 402f 
Costal pleura, 164 
Costocervical tnmt, 1032-1033 
Costodiaphragmatic reeesses, 129f, 166-167, 237f 
Costomediastinal reeesses, 166, 237f 
Costotransverse joints, 148f, 149 
Costovertebral joints, 148-149 
Couinaud segments, 340f 
Cranial eavity, 83 7 

eranial nerves exiting, 896f 
floor, 870f 

anterior eranial fossa, 865-867 
middle eranial fossa, 867-868 
posterior eranial fossa, 868-869 
roof, 864-865 

Cranial dura mater, 873-876, 966f 
arterial supply 875 
dural partitions 

diaphragma sellae, 874 
falx eerebelli, 874 
falx eerebri, 874 
tentorimn eerebelli, 874 
innervation, 876 

Cranial nerve preganglionie parasympathetie fìbers, 

46 

Cranial nerves, 850, 894-900 
functional eomponents, 894t 
lesions, 901b 
reflexes, 901 
Cranial position, 4 
Cranial root of aeeessory nerve, 900 
Cremasteric arteries, 516 
Cremasteric faseia, 298f 
Cremasteric reflex, 299b 
Cribriform plate, 1072, 1073f, 1077f, 1082 
Cricoarytenoid joints, 1059 
Cricoid eartilage, 840f, 848f, 1053 
Cricothyroid joints, 1058-1059 
Cricothyroid ligament, 849, 1057, 1123-1124 
Cricothyroid muscles, 1061t, 1062 
Cricotracheal ligament, 1056f, 1057 
Crista galli, 1072, 1073f 
Crista terminalis, 191 
Critical limb isehemia, 603 
Crura 

of diaphragm 105f, 262f, 369f, 370 

of penis and elitoris, 506 
Cubital fossa 

as area of transition, 686f, 768 
boundaries and eontents of. 822, 823f 
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Cubital fossa (Continued) 
braehial artery, 768-770 
margins and eontents of. 769f 
radial nerve, 770 
Cuboid, 542f, 63 7 
Omeiform eartilages, 1056 
Cuneiform tubercle, 1060f 
Cuneiforms, 542f, 634f, 637 
medial, 628f 
Curvature 

lateral, absenee of, 111 
primary and seeondary, in sagittal plane 112 
spinal 54f 
of stomaeh 311 
Cusps 

mitral valve, 194 
pulmonary valve, 193 
tricuspid valve, 192-193 
Cystic duct, 337f 


D 

Dartos faseia, 28lf 

DeOuervain syndrome, 802b 

Deep, anatomieal loeation, 4 

Deep artery of penis, 516 

Deep artery of thigh, 561f, 600-602 

Deep auricular artery, 991 

Deep braneh of lateral plantar nerve, 661 

Deep eardiae plexus, 208f 

Deep eervieal artery, 1032 

Deep eervieal faseia of neek, 1000 

Deep eervieal nodes, 1039, 1112f, 1117f 

Deep eervieal tmnk, lOOf-lOlf 

Deep circumflex iliae artery, 291f-292f 

Deep dorsal vein, 501, 518f 

Deep faeial vein 991f 

Deep faseia, 24-25 

basilie vein penetrating, 759f 
peetoral 13 lf 

and saphenous opening, 571-5 72 
Deep íibular nerve, 632-633, 661-662 
Deep group of baek muscles 
ereetor spinae muscles, 93-95 
segmental muscles, 97 
spinotransversales muscles, 92 
thoracolumbar faseia, 92 
transversospinales muscles, 95-97 
Deep group of gluteal muscles, 5 74 
gemelhis inferior muscle, 575t, 577 
gemellus superior muscle, 575t, 577 
obturator intermis muscle, 575t, 576-577 
piriformis muscle, 575t, 576 
quadratus femoris muscle, 575t, 577 
Deep group o f leg muscles 

ílexor digitomm longus muscle, 624, 624t 
flexor hallucis longus muscle, 624, 624t 
popliteus muscle, 623-624 
tibialis posterior muscle, 624-625, 624t 
Deep inguinal nodes, 570-571 
Deep inguinal ring, 294, 298f, 300f-301f, 403f, 
476f 

Deep layer of forearm muscles, 780f 
anterior eompartment, 781 
posterior eompartment, 788-790 
Deep lingual veins, 1100 
Deep nodes, 30f 
Deep palmar areh, 813f 
radial artery and, 812-814 
visualizing, 827 

Deep perineal pouch, 457-459, 467f-468f, 502, 
505f 

Deep petrosal nerve, 997 
Deep temporal arteries, 980 
Deep temporal nerves, 980, 985 
Deep transverse metaearpal ligaments, 796 
Deep transverse metatarsal ligament, 644f, 645, 
650f 

Deep transverse perineal muscle, 4591 
Deep vein thrombosis, 391, 569b, 677b 
Defeeation, 456b 

Degenerative joint disease, 22b-23b, 614b 
Deltoid ligament, 639-640 


Deltoid muscle, 692f, 709f, 713f, 714, 736f, 819f 

Demifaeet, thoraeie, 69f-71f, 143f 
Dens, 69f-71f, 844f 

Dense eonneetive tissue of sealp, 922 
Dental anesthesia, 989b 
Denticulate ligament, 103f, 104 
Depressed skull fractures, 872 
Depressor anguli oris muscle, 904f, 909 
Depressor labii inferioris muscle, 909 
Depressor septi nasi muscle, 907f, 908 
Dermatomes, 34-35, 37b 

of anterolateral abdominal waU, 29Of 
of baek, 63f 
of head and neek, 851f 
herpes zoster along, 109 
of lower limb 547 
of perinemn, 43 6f 
thoraeie, 13 4f— 13 5 f 
of upper limb 696, 697f 
Dermatomyotome, 33f, 35f-36f 
Deseending braneh of lateral circumflex femoral 
artery, 601, 613f 
Deseending eolon, 308f, 320f, 323 
Deseending partof duodenum 312-313 
Developmental ehanges, in elbow joint 767b 
Deviated nasal septmn 1077b 
Diagnostie imaging 
CT, 7-8 
MRI 8 

plain radiography, 5-6 
ultrasound, 7 
Dialysis 

construction of fìstula for, 770b 
peritoneal. 305-306 
Dialysis lines, venous aeeess for, 215b 
Diaphragm 

attaehments, 161 
blood supply to, 371 
eentral tendon of, 130f 
crus of, 105f, 262, 262f, 369f, 370 
domes of, 12 7, 371 
hernias, 372b 
innervation of. 138, 371 
in inspiration, 13 7f 
ligament anehors, 262-263 
movements during breathing, 162 
posterior abdominal region, 369-371 
structures passing through 130-131, 370 
tramnatie rupture of, 410b 
Diaphragma sellae, 874 
Diaphragmatie nodes, 158 
Diaphragmatie pleura, 164 
Diaphragmatie surface 
of heart 18 7f 
of liver, 328, 329f 
of spleen. 339f 
Dieneephalon, 879 
Digastrie muscle, 1008 

Digestive traet, separation from respiratory traet, 

851-854 

Digital nerves, 817f 
Digital reetal examination, 462b 
Digital subtraction angiography, 6f 
of eeliae trank 345f 
of marginal artery, 35 3f 
Dilator pupillae muscle, 950t, 951 
Diploé, 860, 861f, 890f 
Diploie vein 886f 
Direet inguinal hernia, 300, 302 
Diseeetomy/lamineetomy, 84b 
Disease spread via peritoneal eavity, 306 
Disloeation 

anterior, of hmneral head, 737 
of glenohmneral joint, 712b 
shoulder, 711b, 834b 
Disseeting thoraeie aneurysm, 119b-120b 
Distal end of femur, 584-586, 585f 
Distal end of fìbula, 619-620 
Distalendof hmneras, 751-752 
Distalendof radius, 772f, 773-774 
Distalendof tibia, 618-619 
Distal end of ulna, 773-774 
Distal group of tarsal bones, 634f, 63 7 
Distal position, 4 


Distal radioulnar joint, 774-776 
Distribution patterns 

of eommon hepatie artery, 347f 
of eoronary arteries, 198-201 
cutaneous 

of deep fìbular nerve, 661f 
of nerves from lumbar plexus, 400f 
of plantar nerves, 660f 
of trigeminal nerve, 915f 
of inferior mesenterie artery, 3 5 lf 
of superior mesenterie artery, 349f 
Diverticular disease, 327b, 418b^ll9b 
Diverticulum, Meekel’s, 318 
Divisions of braehial plexus, 738f, 739 
Divisions of ophthalmie nerve, 944f 
Domes of diaphragm 127f, 3 71 
Doppler ultrasound, 7 
Dorsal braneh of ulnar nerve, 815f 
Dorsal earpal network, 813f 
Dorsal interossei muscles, 656, 804f, 808-809 
Dorsal lingual vein 1100 
Dorsal mesentery, 260f, 265 
Dorsal nasal artery, 942 
Dorsal nerve of penis, 514f—515f, 515 
Dorsal panereatie artery, 336 
Dorsal scapular nerve, 90f, 740, 1030 
Dorsal venous areh 

of foot, 550f, 659f, 670f 
of hand, 814f 

Dorsalispedis artery, 647f, 658, 669 
Dorsalis pedis pulse, 671f 
Dorsiílexion, ankle, 539f 
Double J stent, 383f 
Duct system for bile, 337 
Ductus arteriosus, 203 

Ductus deferens, 269f-270f, 298f, 300f-301f, 435f, 
470-472 

Duodenal eap, 31 lf, 312 
Duodenal ulceration, 315b 
Duodenojejunal ílexure, 313 
Duodenum, 304f, 311f, 312-313, 405f 
Dura mater 

eranlal, 873-876, 886f, 966f 
spmal. 59f-60f, 102f, 103 
Dural venous sinuses, 886-889, 887t 
cavernous sinuses, 888-889 
coníluence of, 888 

inferior sagittal and straight sinuses, 888 
superior and inferior petrosal sinuses, 889 
superior sagittal sinus, 888 


E 

Ear 

examination of, 957b 
external ear, 1127 
auricle, 954-955 

external acoustic meatus, 9 5 5-9 5 6 
tympanie membrane, 9 5 6-9 5 7 
innervation o f sealp 
anterior to, 924 
posterior to, 924-925 
internal ear, 965-971 
bony labyrinth, 966-967 
innervation, 969-971 
membranous labyrinth 967-969 
transmission of sound, 971 
vessels, 969 

middle ear, 953f, 958-964 

auditory ossieles, 962-963 
boundariesof 959-961 
innervation, 963-964 
mastoid area, 961 
pharyngotympanie tube, 961 
vessels, 963 
parts of, 953 
Eetoderm 33f 

Eetopie parathyroid glands, 1022b 

Eetopie pregnaney, 530b 

Efferent ductules, 471f-472f 

Effort closure, laryngal function, 1064f, 1065 

Ejaculatory duct openings, 467f-468f 

Elastie eartilage, 12 


Index 


Elbow joint 
arthritis, 768b 
articulations, 764-766 
bones, 690 

developmental ehanges in, 767b 
fractures 

of head of radius, 768b 
supracondylar fracture of humerus, 766b 
joint capsule and ligaments, 765f 
movements of, 688f 
pulled, 766b 

synovial membrane, 765f 
tennis and golfer’s elbow, 768b 
ulnar nerve injury at, 768b 
Eleetroeardiography, 245 
Eleventh rib 146, 367f 
in relation to kidneys, 375f 
Emissary veins, 886f, 893b, 99 lf, 992, 1116f 
Endartereetomy, 885b 
Endoderm, 33f 
Endoleak, 419b-420b 
Endolymphatie duct, 968 
Endoseopy 

of bowel wall and extrinsic masses, 316 
of gastroesophageal junction, 317f 
Endothoraeie faseia, 150 
Enlargements in spinal eord, 99 
Enterie system 47-48, 358, 364 
Epaxial musclesanddermis 33f 
Epieondyles 
femoral, 584 
hiìmeral 752 

Epididymis 269f-270f, 470 

Epiglottie tubercle, 105 5f 
Epiglottis, 840f, 845f, 852f-853f, 1055 

Epiphyseal fractures, 18b 
Epiploie foramen, 305f 
Epiretinal membrane, 951 
Episiotomy, 460b 

Epistaxis, recurrent, 1133b-1134b 
Epithelial transition, between abdominal esophagus 
and stomaeh 315b 
Epitympanie reeess, 958f 
Ereetile tissues, 506-508 
Ereetion 

parasympathetie eontrol of. 438 
of penis and elitoris, 508 

Ereetor spinae muscles, 58f, 93-95, 94f, 96f, 105f, 
116f—117f 

Esophageal branehes of thoraeie aorta, 2251 
Esophageal hiatus, 130f, 161f 
Esophageal junction, endoseopy, 317f 
Esophageal plexus, 40f, 49f, 176f, 224 
Esophageal variees, 357 
Esophagus, 126f, 130, 171f, 211f, 218 
abdominal, 310, 315b 
in anterior triangle of neek, 1017 
arterial supply, 222-223 
eaneer of, 224b, 250b 
hiatus hernia and, 3 73f 
innervation, 223-224 
relationship to structures in posterior 
mediastinmn 222 
rupture of, 225b 

venous and lymphatie drainage, 223 
Ethmoid bone, 1072-1074 
Ethmoidal arteries, 941 
Ethmoidal eells, 1075-1076 
Ethmoidal labyrinth 1072 
Exercise testing, for myoeardial infaretion, 245 
Expiration, abdominal role in, 258f 
Extension 
baek, 55f 
elbow joint, 764f 
hip 538f 

interphalangeal joints, 803f 
knee, 539f 

Extensor earpi radialis brevis muscle, 787 
Extensor earpi radialis longus muscle, 787 
Extensor earpi ulnaris muscle, 788 
Extensor earpi ulnaris tendon, 824f 
Extensor digiti minimi muscle, 788 
Extensor digitomm brevis muscle, 651 
Extensor digitorum immobilization, 831b 


Extensor digitormn longus muscle, 63Of, 631 
Extensor digitorum longus tendon, 669f 
Extensor digitormn muscle, 787-788 
Extensor hallucis brevis muscle, 651 
Extensor hallucis longus muscle, 630f, 631 
Extensor hoods 
of foot, 650 
of hand, 802-804 
Extensor indieis muscle, 790 
Extensor pollieis brevis muscle, 790 
Extensor pollieis brevis tendon, 824f 
Extensor pollieis longus muscle, 790 
Extensor retinacula, 647 

External acoustic meatus, 955-956, 1041f, 1102f 
External anal sphineter, 439f, 461f, 503f, 504 
External earotid arteries, 848f, 912, 980f, 990f, 
1011-1013 
branehes, 926 
External ear, 1127 
auricle 

innervation, 954-955 
rmiseles, 954 
vessels, 955 

external acoustic meatus, 955-956 
tympanie membrane, 956-957 
innervation, 957 
External genitalia 
female 510-511 
roots tìf, 425f, 431f 

External iliae artery, 300f-301f, 379f, 390f, 430f, 
462f, 561f 

External iliae nodes, 570f 
Externaliliac vein, 300f-301f, 390f 
External intereostal muscles, 153t, 154 
External jugular veins, 92 5f, 1003-1004, 
1024-1027 

External nose, 1069f, 1074 
External oblique muscle, 259f, 281f, 282-283, 
403f 

External oeeipital erest 859f 
External oeeipital protuberance, 81f, 715f 
External os, 479f 
External pudendal arteries, 516 
External sulci o f lieart, 188-190, 189f 
Extradural anesthesia, 106 
Extradural fat, spinal eord, 102f 
Extradural hematoma, 1131b 
Extradural hemorrhage, 891 
Extradural spaee, 59f-60f, 877 
Extraocular muscles, 936 
Extraperitoneal faseia, 24-25, 288 
Extrinsic innervation of abdominal viseera, 358 
Extrinsic ligaments o f larynx 
hyoepiglottie ligament, 1057 
thyrohyoid membrane, 1056 
Extrinsic nmseles 
of baek, 58f 
of eyeball 937t 
of tongue, 1096t, 1097-1099 
Eye 

examination of. 940b-941b, 949b 
major features of, 1126-1127 
Eyeball 

anterior and posterior ehambers, 947 
arterial supply, 948 
extrinsic muscles, 936, 937t 
and eyeball movements, 940 
levator palpebrae superioris muscle, 937-938 
oblique muscles, 940 
rectus muscles, 938-940 
faseial sheath of. 936 
íìbrous layers 
eornea, 949 
selera, 949 

inner layer, optie part of retina, 951 
intrinsie muscles, 950t 
lens, 947-948 
origins of muscles of, 939f 
relationship of ophthalmie nerve to nmseles of, 
945f 

vascular layer, 950-951 
venous drainage, 942f, 948 
vitreous humor, 947-948 
walls of, 948 


Eyelids 

conjunctiva, 930 
glands, 930 
innervation, 931 
orbicularis oculi, 928-929 
orbital septmn, 929 
skin and subcutaneous tissue, 928 
tarsus and levator palpebrae superioris muscles, 
929-930 

upper and lower, 112 6f, 1127 
vessels, 930 


F 

Faee. See eilso Ear; Oral eavity; Orbit 
arteries, 917-919 
innervation 
motor, 916 
sensory, 914 
lymphatie drainage, 920 
major features of, 1125-1126 
parotid gland, 911-912 
veins, 919-920 
vessels, 916-920 
Faee muscles, 839f, 904-910 
auricular muscles, 910 
nasal group, 907 
oeeipitofrontalis muscles, 910 
oral group, 908-910 
orbital group, 905-906 
platysma muscle, 910 
Faeets for attaehment of of menisei, 588 
Faeial artery, 917-919, 1012t, 1013 
Faeial nerve (VII), 850f, 894t-895t, 898-899, 
901b, 902f 

in anterior triangle of neek, 1013 
and Bell’s palsy, 921b 
innervation 

of faee, 916, 917f 
of tongue, 1101 
in parotid gland, 912 
in temporal bone, 969-971 
Faeial pulse, 1128 
Faeial skeleton, visible part. 858 
Faeial vein 919, 991f, 1050f 
Faleiform ligament, 305f, 328, 329f, 

330-331 
False pelvis, 423 
False ribs, 144, 145f 
Falx eerebelli 8 74 
Falx eerebri, 874, 891f 
Faseia, 24-25 
elavipeetoral 142f 
endothoraeie, 150 
ejetrapeeltoneal, 24-25, 288 
neek, 1000-1003 
pelvie eavity, 481, 482f 

pelvie floor and perineum, interseetion at perineal 
body, 439 

phaiyngeal. 1043f, 1045 
renal, 376 

speeializations in bony orbit 
eheek ligaments, 936 
faseial sheath of eyeball, 936 
periorbita, 935 

superfìcial, of abdominal wall. 280-282 
temporal, 980f 
thoraeolmnbar, 92 
transversalis, 285, 286f 
Faseia lata of thigh, 281f, 513f, 571 
Faseial spaees of neek, 1002-1003 
Fat 

extradural, 59f, 102f 

renal 376 

Fat pads, 18-19, 19f 
elbow jt>Lnt. 765f 
infrapatellar, 607f-608f, 609 
Female reproductive system 475-481 
cervix, 479 

external genitalia, 510-511 
ovaries, 476 

urogenital triangle structures, 523-524 
uterine tubes, 478 
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Female reproductive system (Continued) 
uterus, 477-478 
vagina, 480-481 

Femoral artery, 296f, 403f, 561f, 566, 600-602, 
664 

Femoral head 

blood supply to, 55 7 
yellow marrow, 15f 
Femoral hernias, 302 
Femoral neek fracture, 557b, 676b 
Femoral nerve, 399f, 401, 548f, 563, 604 
Femoral nodes, 30f 
Femoral pulse, 671f 
Femoral shaft, 556, 584-586, 585f 
fracture, 558b 

Femoral triangle, 537, 572-573, 664 
Femoral vein 296f, 568f 
Femur, 54lf 

distalend, 584-586, 585f 
ligament of head of, 559 
pradmaL 554-556 

Fetus, diaphragmatie hernia i n utero, 372f 
Fibroeartilage, 12 

Fibroelastie membrane of larynx, 1057-1058, 
1058f 

Fibroids, uterine, 532b 
Fibrous digital sheaths, 801-802 
Fibrous joints, 20 
Fibrous membrane, 18 

of glenohmneral joint, 708 
of knee joint, 610 
Fibrous perieardimn, 181-182 
Fibrous sheaths of toes, 649-650 
Fibrous trigone, 197 
Fibula, 539, 541f 

proximal end, 588-589 
shaft and distal end, 619-620 
Fibular artery, 626 
Fibular eollateral ligament, 610f, 611 
Fibular retinacula, 647 

Fibular troehlea, of calcaneus bone, 628f, 636 
Fibularis brevis muscle, 628f, 629 
Fibularis longus muscle, 628-629 
Fibularis longus tendon, 648f 
Fibularis tertius muscle, 63Of, 631, 647f 
Filiform papillae, 1095 
Filum terminale, 99f 
Fimbriae, 478 

First braneh of areh of aorta, 216 
First dorsal metatarsal artery, 658 
First layer o f sole muscles 

abductor digiti minimi muscle, 653 
abductor hallucis muscle, 652 
flexor digitormn brevis muscle, 652-653 
First perforating artery, 561 f, 601f 
Firstrib 126f, 146, 231f 
fractured 

and arterial trauma, 737 
eomplieation of, 830b 
Fissures 

of lungs, visualizing, 236-238 
ora 1 . 1113-1114 
of orbit 934-935 
palpebml, 1126f 
of faee, 1125f 
of right lung, 169 
of sphenoid bone, 867-868 
Fistula, dialysis, eonstmetion of, 770b 
Flailehest, 152 
Flatbones, 13 

Flat muscles of abdominal wall 
external oblique muscle, 282-283 
internal oblique muscle, 284 
transversus abdominis muscle, 284 
Flexion 
baek, 55f 
elbow joint, 764f 
hip, 538f 
knee, 539f 

metaearpophalangeal joinl, 803f 
Flexor earpi radialis muscle, 777 
Flexor earpi radialis tendon, 824 
Flexor earpi ulnaris muscle, 777 
Flexor earpi ulnaris tendon, 824-825, 826f 


Flexor digiti minimi brevis muscle, 655, 655t, 808t, 
810 

Flexor digitormn brevis muscle, 652-653 
Flexor digitormn longus muscle, 624, 624t 
Flexor digitormn profundus imisele, 781 
Flexor digitormn profundus tendon, 801 f, 807f 
Flexor digitorum superfìcialis muscle, 779 
Flexor hallucis brevis muscle, 655, 6551 
Flexor hallucis longus muscle, 624, 624t 
groove for, 635f 

Flexor hallucis longus tendon, 649f 
Flexor muscles, of hip joint, 544f 
Flexor pollieis brevis muscle, 808t, 809-810 
Flexor pollieis longus muscle, 781 
Flexor pollieis longus tendon, 807f 
Flexor retinaculum, 780f 
of foot, 646, 667f 
of hand, 826 
Floating ribs, 144,145f 
Floorof axilla, 731, 820f 
Floor of eranial eavity 

anterior eranial fossa, 865-867 
lesser wings of sphenoid, 866-867 
foramina and íissures, 870f 
middleeranial fossa 
sphenoid, 867-868 
temporal bone, 868 
posterior eranial fossa 
boundaries, 868 
foramen magnmn 868 
grooves and foramina, 868-869 
squamous part of oeeipital bone, 869 
Floor of inguinal eanal, 296 
Floorof mouth, 845f 
Floor of nasal eavity, 1077 
Floor of oral eavity 

gatewayinto, 1094-1095 
geniohyoid muscles, 1093-1094 
lingual nerve in llOlf 
mylohyoid muscles, 1092-1093 
Floor of orbit, 928 
Flow of tears, 1126f 
Fluorodeoxyglucose (FDG), in PET, 9-10 
Fluoroscopy unit, 5f 
Foliate papillae, 1095 
Fontanelles, 842f-843f 
Foot, 536f 

arehes of. 543f, 648-649 
arteries 

dorsalis pedis artery, 658, 669 
posterior tibial artery and plantar areh 

657-658, 669 
digits, 633 

íibrous sheaths of, 649-650 
extensor hoods, 650 
extensor retinacula, 647 
íìbular retinacula, 647 
flexor retinaculum 646 
intrinsie muscles, 650-657 
on dorsal aspeet, 651 
insole, 651-657 
metatarsals, 542f, 633f, 637-638 
nerves, 659-662 

deep fìbular nerve, 661-662 
saphenous nerve, 662 
superfìcial fìbular nerve, 662 
sural nerve, 662 
tibial nerve, 660-661 
phalanges, 542f, 633f, 637f, 638 
plantar aponeurosis, 649 
tarsalbones, 542f 
distalgroup, 637 
navicular, 63 7 
proximal group. 634-637 
tarsal tunnel, 646, 667 
tendons, 668-669 
toes, 542f 
veins, 659 
Foot drop, 633b 
Foot joints 

ankle, 638-640 

lateral ligament, 640 
medial (deltoid) ligament, 639-640 
deep transverse mdatarsal, 645 


Footjoints (Continued) 

Inìeiphalangeal . 646 
lntertarsal, 640 

calcaneocuboid joint 644 
subtalar jolnl. 642 

talocalcaneonavicular joint, 642-644 
metatarsophalangeal 645 
tarsometatarsal 644-645 
Foramen magnmn 844f, 868 
Foramen ovale, 868 
valveof 194, 195f 

Foramen rotundum, 933f, 993f, 1074f-1075f 

Foramen spinosmn, 867f 
Foramen transversarium 69f-71f 
Forearm 771-776 

anterior eompartment 693f, 771f 
arteries and veins, 782-783 
muscles, 776-781 
nerves, 784-785 
eompartments, 772 
distal radioulnar joint, 774-776 
interosseous membrane, 775 
loeating major vessels and nerves, 824-825 
movement of, 688f 
muscle eomponents of, 69 3f 
posterior eompartment, 771f 
arteries and veins 791-792 
muscles, 785-790 
nerves, 792 

pronationandsupination, 775-776 
muscles in, 776 
radius, 772f 

shaft and distal end, 773 
shaft and distalendof ulna, 773-774 
tendons, 824-825 
Foregut, 272f, 344 
development, 265 
Fossa ovalis 191f, 192 

Four-quadrant patternof abdomen, 277, 407f 
Fourchette, 510f, 523f-524f 
Fourth layer of sole muscles 
dorsal interossei muscles, 656 
plantar interossei muscles, 656-657 
Fovea eentralis, 947f, 951 
Fractures, 16b 
ankle, 641b-642b 
of elaviele, 711b 
eplphyseal. 18b 
femoral 

neek, 557b, 676b 
shaft 558b 
healing of, 16 
hmneral 
mldshafl. 763f 
proximal 705b 
supracondylar, 766b 
intertroehanterie, 558b 
nrbltal, 928b 
eomplieation of, 1134b 
pelvie, 446b, 553b-554b 
radial head, 768b 
of radius and ulna, 774b 
rib 152b 

eomplieation of, 830b 
of seaphoid, 79 7b 
of skull 871f 
of skull vault, 872b 
of talus, 638b 
vertebral, 82b-83b 
Frankfort line, 1121f, 1125f 
Frenulum 

of elitoris, 510f, 523f-524f 
of glans penis, 51 lf, 512, 525f-526f 
of tongue, 1096 
Frontal bone, 855f, 856, 864f 
zygomatie proeess of, 978f 
Frontal nerve, 945 
Frontal sinuses, 1074f-1075f, 1075, 
1078-1080 

Functional thyroid gland, 1017 
Fundiform ligament of penis, 508, 509f 
Fundus of liver, 330f 
Fundus of stomaeh, 31 lf 
Fundus of uterus, 477-478 
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Fungiform papillae, 1095 

Fused bodies of eervieal vertebrae, 76f 


G 

Gag reflex, 901 

Gait, determinants of, 540f 

Galeazzi’s fracture, 774 

Gallbladder, 308f, 330f, 331-332 

Gallstones, 341b 

Gamma eamera, 9f 

Ganglia, 38f 

abdominal prevertebral plexus and, 361, 362f, 
395-396 

eervíeal, 359f, 738f 
eiliary, 45f, 850f, 899t, 946-947 
medial branehes from 229-230 
parasympathetie, of head, 8991 
pterygopalatine, 99 7-9 9 8 
spinal, 59f, 62f, 108f 
sympathetie trnnks, 359f 
tilgemlnal. 898 

Ganglion impar, 49f, 360f, 488f, 492f-493f 
Gaps in pharyngeal waU, 1046 
Gastrie vessels, 305f 

Gastro-omental arteries, 310f, 312, 336f, 339f, 
345f 

Gastro-omental vein ,355 
Gastrocnemius muscle, 622f, 666f 
Gastroduodenal artery, 313f, 345f 
Gastroesophageal junction, 35 7, 373f 
Gastrointestinal (GI) system 
arterial supply to, 271 
eontrast examinations, 10 
pelvie parts 
anal eantil, 460-462 
rectum 460 
terminal parts of, 424f 
vascular supply to, 280f 

venous drainage, passage through liver, 2 74-2 75 
Gastrointestinal (GI) traet 
eongenital disorders of, 325b 
lymphatie drainage of abdominal part of. 358 
upper, examination of. 316 
venous drainageof abdominal portion of, 3 5 5f 
Gastrosplenie ligament 338f 
Gastrostomy, 327 

Gateway into íloor of oral eavity, 1094-1095 
Gateways in nasal eavities, 1082 
Gateways in posterior wall of axilla 
quadrangular spaee, 730 
triangular interval 731 
triangular spaee, 730-731 
Gateways i n pterygopalatine fossa, 994 
Gateways to lower limb 

gap between inguinal ligament and pelvie bone, 

563 

greater seiatie foramen, 562-563 
lesser seiatie foramen, 563 
obturator eanal, 562 
Gateways to posterior scapular region 
quadrangular spaee, 718 
suprascapular foramen, 717-718 
triangular interval 719 
triangular spaee, 719 
Gemellus inferior muscle, 575t, 577 
Gemellus superior muscle, 575t, 577 
Gender differenees 

in course of urethra, 440 
in heart attaek symptoms, 203b 
in pelvis, 448 

Geniculate ganglion, 969, 970f 
lesions around, 921 
Genioglossus muscle, 1097-1098 
Geniohyoid muscle, 1008, 1092t, 1093-1094 
Genital tubercle, 269f-270f 
Genitalia, external 
roots of. 425f, 431f 
superíìcial features of, 510-512 
Genitofemoral nerve, 399f, 401, 564t-565t, 566 
Gingivae, 1114-1119 
arterial supply, 1116-1117 
innervation, 1119 


Glans elitoris, 475f, 506, 523f-524f 
Glans penis, 508, 511f, 525f-526f 
Glasgow eoma seale, 893 
Glaucoma, 948b 

Glenohmneral joint, 686-688, 707-710 
disloeation of, 712b 
Glenoid eavity, 690f, 703f 
Glenoid labrmn 707 

Glossopharyngeal nerve (IX), 894t-895t, 899-900, 
901b, 902f 

in anterior triangle of neek, 1014 
innervation of tongue, 1100-1101 
inrelation to pharynx, 1051-1052 
Gluteal line, 551f 
Gluteal nerves, 565-566 
Gluteal region, 536f 
arteries 

inferior gluteal. 582 
superior gluteal, 582 
faseia lata superior aspeet in 571 
lymphaties, 583 
muscles, 543f, 574-579 
deep group 576-577 
superíicial group 577-5 79 
sensory alteration in, 120 
veins, 583 

Gluteal region nerves 
inferior gluteal nerve, 580 
nerve to 

obturator internus, 580 
quadratus femoris, 580 
perforating cutaneous nerve, 580 
posterior cutaneous nerve of thigh 580 
pudendal nerve, 580 
seiatie nerve, 579-580 
superior gluteal nerve, 579 
Gluteal surface of pelvie bone, 443f 
Gluteal tuberosity, 555f, 574f 
Gluteus maximus muscle, 543f, 575t, 578, 665f 
Gluteus medius muscle, 575t, 577 
Gluteus minirmis muscle, 543f, 575t, 577 
Goiter, multinodular, 1021b, 1129b-1130b 
Golfer’s elbow, 768b 
Gomphoses, 20 
Gonadal vessels, 366f 
Gonads, 269f-270f 
Graeilis muscle, 572f, 594, 595f 
Grafts, abdominal aortie stent, 389b 
Granular foveolae, 8 64f 
Gravity line (adult), 54f 
Graymatter, 31-32, 100 

Gray ramus communicans, 41, 42f-43f, 136f, 229f, 
396f, 488f 

Great auricular nerve, 925, 954-955, 1030 

Great eardiae vein 189f, 204,205f 

Great saphenous vein 550, 568, 603, 659, 670f 

Greater oeeipital nerve, 85f, 925 

Greater omentmn, 265, 266f-267f, 307, 308b, 

33 8f 

Greater palatine artery, 999, 1083, 1111 
Greater palatine nerve, 995, llllF 1112-1113 
Greater petrosal nerve, 969, 988f, 997.1104f, 

1105 

Greater sae, 304 

Greaterseiatieforamen, 432f-433f, 450, 452, 
562-563, 574f 
Greaterseiatienoteh, 442f 
Greater splanehnie nerves, 44f, 229f, 230, 276f, 
360f 

Greater troehanter, 554-556 
Greater tubercle, of proximal humerus, 704-705 
Greater vestibular glands, 475f, 508 
Greater wing of sphenoid bone, 862-863, 934f, 
993f 

Greenstiek fracture, 16f 
Groin, 292-300 
eremasterie reílex, 299b 
inguinal eanal, 294-297 
inguinal hernias, 299-302 
masses around, 301b-302b 
ovarian deseent, 294 
testicular deseent, 293 
as weak area in abdominal wall 269 
Gubernaculum, 269, 293f 


Gut 

blood supply to, 272f 
development 266f-267f 
pain referred from, 408 
Gut tube, 260f 


H 

Hamate bone, 793 
Hamstring muscles, 665f 
Hand 

anatomieal snuffbox, 800-801 
blood supply, 810-814 
bones, 691 
earpal bones, 793 
metaearpals 793 
phalanges, 795 

earpal tunnel and structures at wrist. 798, 799f 

examination of 833b 

extensor hoods, 802-804 

íibrous digital sheaths, 801-802 

hngers, adduction and abduction, 792f 

joints 

earpal joints, 795 
earpometaearpal joints, 796 
interphalangeal joints, 796 
metaearpophalangeal joints, 796 
wrist joint, 795 
as meehanieal tool 689 
movements at wrist joint, 689f 
normal appearanee of, 825 
palmar aponeurosis, 800 
positioning in spaee, 686-689 
positions of superfìcial and deep palmar arehes, 
827 

radial artery and deep palmar areh, 812-814 

as sensory tool 689-690 

subdivisions of, 792 

thumb, orientation of, 701 

ulnar artery and superfìcial palmar areh, 812 

veins, 814 

dorsal venous network, 700f, 825f 
Hand nmseles 

adductor pollieis muscle, 805f, 809 
dorsal interossei muscles, 804f, 808-809 
hypothenar muscles, 806f, 810 
intrinsie muscles, 693, 804-810 
lmnbrieal nmseles, 807f, 810 
palmar interossei muscles, 804f, 809 
palmaris brevis muscle, 800 
thenar muscles, 806f, 809-810 
Hand nerves 

median nerve, 817, 817f’ 826-827, 833 
radial nerve, 833 

reemrent braneh of median nerve, 826 
superfìcial branehof radial nerve, 818 
ulnar nerve, 814-816, 815f, 826-827, 833 
Hard palate, 861, 1070f, 1099f, 1105-1106 

Hartmann’s pouch 341 
Head. See also Faee; Infratemporal fossa; Nasal 
eavities; Skull; Temporal fossa 
anatomieal position of, 1120-1121 
anatomieally defìned regions, 838-839 
elinieal lymphatie drainage, 1039b-1040b 
eomponent parts, 842-846 
eranial eavity, 864-869 
eranial nerves, 850, 894-900 
CT sean, 111 
faseial planes of 1004b 
functions of, 841 
hyoid bone, 845 

major eompartments, 837, 838f 
major landmarks, 1120-1121 
medieal imaging, 871b 
meninges, 873-877 
muscles, 846 

pterygopalatine fossa, 992-999 
pulse points, 1128 
relationship to baek, 61 
sealp, 8 3 9f, 922-927 
soft palate, 846 

supported by ligamentmn nuchae, 81-82 
surface anatomy, 1120 
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Head injury, 89 lb 

elinieal assessment of, 893b 
treatment of, 8 9 3 b 
Hearing, organs of, 968-969 
Heart 

auscultation, 204b 
eardiae orientation, 184-190 
eardiae plexus, 43f, 49f, 208f 
eardiae skeleton, 197-198 
ehambers, 190-196 
conduction system 206, 207f 
eongenital defeets, 203b 
eoronary vasculature, 198-204, 199f 
innervation, 206-209 
sympathetie nerves to, 43f 
visualizing margins of, 235 
Heart attaek, 202b-203b 
Heart sounds, 204f 
listening for, 236 
Helieotrema, 966f, 967, 971f 
Helix 954f, 1127f 
Hematoma 
exlradural, 1131b 
subdural 892 
Hemiarthroplasty, 676 

Hemiazygos vein, 133f, 157f, 226f, 227, 369f 

Hemivertebra, 76f 
Hemodialysis, 305-306 
Hemorrhage, IntraeranìaJ, 891b-892b 
Hemorrhoids, 357, 504b 
Hepatie artery proper, 310f, 313f, 339f 
Hepatie ílexure, 319f, 323f 
Hepatie jaundice, 341 
Hepatie portal system, 274f 
Hepatie portal vein 275 
Hepatoduodenal ligament, 308f 
Hepatorenal reeess, 328, 329f 
Hernias 

diaphragmatie, 372b 
femoral, 302 
hiatus, 373b 

íngtilnal, 301-302, 413b 
direet, 300 
indireet, 299 
Herniation 
faleine, 893 

of intervertebral dises, 79b 
of nucleus pulposus, 78 
Herpes zoster, 109b 
Hiatus hernia, 373b 

High defìnition optieal eoherenee tomography, 9 51 b 
Hilum 

of kidney, 377 
of lung, 167-169, 168f 
of spleen, 339f 
Hindgut, 272f, 344 
development, 268 
Hinge joints, 20, 691 
Hip joint, 541f 
acetabulum 558-561 
avascular neerosis, 16f 
ílexors of. 544f 
ligaments, 560-561 
movements o f. 5 3 8 f 
total replaeement, 24f 
Hoarseness, 22lb 
Hodgkin’s lymphoma, 412 b 
Hook o f hamate, 778f, 82 7f 
Horizontal plane, 3f 
Horner’s syndrome, 93lb 
Horns of hyoid bone, 845f, 1091f 
Hmneral (lateral) nodes, 748 
Humerus, 690f, 692f 
fractures 

midshaft, 763f 
supracondylar, 766b 
head of. 707f 

anterior disloeation of, 737 
nerves related to 699f 
proximal end, 704-705 
shaft and distal end, 751-752 
Hyaline eartilage, 12, 18, 19f, 77f 
Hydrocephalus, 877b-878b 
Hyoepiglottie ligament, 1057 


Hyoglossus muscle, 985f-986f, 1098-1099 
Hyoid bone, 845, 849f, 1056f, 1091 
Hypaxial muscles and dermis, 33f 
Hypertension, portal, 275 
Hypogastrie nerves, 394f, 492f-493f 
Hypoglossal eanal, 870f 

Hypoglossal nerve (XII), 894t-895t, 900, 901b, 
902f 

in anterior triangle of neek, 1015-1016 
innervation of tongue, 1101-1102 
Hypophyseal fossa, 1074f-1075f 
Hypothalamus, 880f 
Hypothenar eminenee, 825f 
Hypothenar muscles, 806f, 808t, 810 
Hystereetomy, 478b 


I 

Ileal arteries, 349-350 
Ileal conduit, 328 
Ileal veins, 354f 
ileoeeeal fold, 314f 
ileoeolie artery, 321 f, 350. 352f 
ileoeolie vein 354f 
Ileostomy, 327 
Ileum 313f, 314-315, 319f 
iliaeerest, 85f, 113f, 289f- 367f, 402f, 535f 
Iliacus muscle, 259f- 265f, 368t, 369, 399f, 590t, 
591 

Iliococcygeus muscle, 429f, 455f, 456 
ilioeostalis eervieis, 94f, 95t 
ilioeostalis lmnbormn, 94f, 951 
ilioeostalis thoraeis, 94f, 951 
Iliofemoral ligament 560 

iliohypogastrie nerve, 289f-290f, 398-401, 399f 
Ilioinguinal nerve, 289f-290f, 398-401, 399f, 
564t-565t, 566 
Iliolumbar artery, 496 
Iliolmnbar ligament, 259f 
Iliopsoas muscle, 591 
Iliopubic eminenee, 5 51 f 
Iliopubic traet, 300f-301f 
Iliotibial traet, 665f 
Ilium 367f, 443-444, 446f, 551-552 
Imaging 

of blood supply to upper limb 73 7b 
diagnostie techniques, 5-8 
evaluationof stroke, 884f 
examination of bowel lumen, 316 
of head, 871b 
image interpretation, 10-11 
of lungs, 178b 
nuclear medieine, 8-10 
safetyin, 11 

hnpotenee, prostateetomy and, 495b 

Impressions, on liver, 33 lf 

ineisional hernias, 302 

ineisive eanal 1077f, 1082 

ineisive fossa, 861 

ineisive nerve, 987, 1118f 

ineisor teeth, 1114, 1115f 

Incus, 958f, 961f-962f, 970f 

indireet inguinal hernia, 299, 301-302 

infaretion, myoeardlal, 243b-245b, 247 

infeetion 

limited by faseia, 25 
upper lobe, 249f 
urinary bladder. 469b 
Inferior alveolar artery, 991, 1116 
Inferior alveolar nerve, 987, 989, 1118 
Inferior eervieal ganglion, 1036 
Inferior eonstrietor muscles of pharynx, 1043t, 
1044 

Inferior epigastrie artery, 291f-292f, 484f-485f 
Inferior gluteal artery, 497, 56lf, 566-568, 582 
Inferior gluteal line, 5 5 lf, 552 
Inferior gluteal nerve, 486f, 491, 564t-565t, 580 
Inferior gluteal vein, 568f 
Inferior hypogastrie plexus, 362f, 394f, 438, 
492f-493f 

Inferior laryngeal artery, 1066 
Inferior laryngeal veins, 1067 
Inferior longitudinal muscle, 10961 


Inferior margin of heart, 187 
Inferior margin of orbit, 1120f 
Inferior mediastinmn 128f 
Inferior mesenterie artery, 271, 272f, 343f, 351, 
358 

left eolie artery, 350 
sigmoid arteries, 350 
superior reetal artery, 350 
Inferior mesenterie ganglion, 394f, 397f 
Inferior mesenterie vein 354f, 356 
Inferior nasal eoneha, 855f 
Inferior oblique muscle, 940 
Inferior ophthalmie vein, 942 
Inferior orbital fìssure, 934-935 
Inferior pancreaticoduodenal arteries, 336f, 348, 
348f 

Inferior part of duodenum 313 
Inferior petrosal sinuses, 889 
Inferior phrenie artery, 369f, 386f-387f, 388 
Inferior position, 4 
Inferior pubic ligament, 448, 503f 
Inferior pubic ramus, 443f 
Inferior reetal arteries, 516 
Inferior reetal nerve, 515 
Inferior reetal vein 500f 
Inferior rectus muscle, 938-939 
Inferior sagittal sinus, 888 
Inferior subscapular nerve, 746 
Inferior suprarenal artery, 3 8 6f 
Inferior thoraeie aperture, 126, 127f, 255, 262 
flexible wall and, 136, 137f 
Inferior thyroid artery, 1019, 1026f, 1032 
Inferior vena eava, 130f, 133f, 183f, 255f-256f 
aeeess via superior vena eava, 215 b 
and anterior surface of heart, 186f 
ehronie thrombosis of. 410b 
course of, 390-391 
diaphragm and, 161f 
fìlter, 391b 

passing between abdomen and thigh 265f 
in perieardial sae, 210 
inposterior abdomen 366f 
in relation to 

greater and lesser saes, 305f 
right lung, 170f 
Inferior vesieal artery, 496 
Inferior viewof skull. 856t, 860-864, 862f 
anterior part, 861 
middle part 

anterior half, 861-863 
posterior half, 863 
posterior part 

oeeipital bone, 863 
temporal bone, 863-864 
Inflammation, of subacromial bursa, 713b 
infraglottie spaee, 1059, 1060f 
Infrahyoid muscles, 1007t, 1008-1010 
omohyoid muscle, 1009 
sternohyoid muscle, 1009 
sternothyroid muscle, 1010 
thyrohyoid rmisele, 1010 
Infraorbital artery, 93Of, 999, 1116f 
Infraorbital foramen, 935 
Infraorbital groove, 934f 
Infraorbital nerve, 915f, 996 
Infraorbital vein 1116f 
Infrapatellar fat pad, 609 

Infraspinatus rmisele, 692f, 709f, 716f, 717, 819f 

Infratemporal fossa, 838, 972-992 
bony framework 
maxilla, 974 
ramus of mandible, 975 
sphenoid bone, 974 
temporal bone, 973-974 
zygomatie bone, 974-975 
masseter muscle, 977-978 
middle meningeal artery, 1124-1125 
roof and walls, 981 
temporomandibular joints, 975-977 
Infratemporal fossa: eontents 
ehorda tympani, 987 
lateral pterygoid muscle, 983 
lesser petrosal nerve, 989 
mandibular nerve, 983-987 
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Infratemporal fossa: eontents (Continued) 
maxillary artery, 990-991 
medial pterygoid muscle, 982 
pterygoid plexus, 991-992 
sphenomandibular ligament, 981-982 
infratroehlear nerve, 946 
Infundibulum, 478 
ethmoìdal, 1072, 1078f-1079f 
Inguinal eanal 471f-472f 
anterior 11 , 2 9 6 
eontents, 296-297 
deep inguinal ring, 294 
floor, 296 
posterior wa 11.296 
roof, 296 

round ligament of uterus, 297 
spermatie eord, 297 
superfìcial inguinal ring, 295 
Inguinal hernia, 301-302, 413b 
direet, 300 
indireet, 299 

Inguinal ligament, 134f— 135f, 259f, 263f, 283, 

295f, 402f 

and pelvie bone: gap between, 563 
Inguinal nodes, 30f, 519f 
Inguinal region, 269f-270f 
ligaments of, 283f 
Inguinal ring 

deep 294, 298f, 300f-301f 
siiperfìdal. 269f-270f, 295, 300f, 403-404, 475f 
Inion, 859f 
Injury 

to braehial plexus, 747b 
eervieal spinal eord, 118b 
head, 891b 

iatrogenie ureteric, 530b 
knee joint, 673b-674b 
lingual nerve, 987b 
muscle, 26b 

lower limb 5 9 9b 

to nerve, affeeting superfìcial baek muscles, 99b 
radial nerve in arm, 763b 
radial nerve in hand, 818b 
soft tissue, of knee joint, 613b 
ulnar nerve, 816b 
ulnar nerve at elbow, 768b 
Innermost intereostal muscles, 153t, 154 
Innervation 

of abdominal viseera, 358-364 

abdominal prevertebral plexus and ganglia, 

361 

enterie system 364 
parasympathetie, 3 61-3 64 
sympathetie tmnks, 359-361 
of anterior abdominal vvhII. 268f 
of anterolateral abdominal wall 289-290 
around eye, loss of. 941 
of baek, 63 
of bones, 13 
of breast, 139 
eardiae, 206-209 
parasympathetie, 209 
sympathetie, 209 
viseeral afferents, 209 
of eranial dura mater, 876 
of diaphragm 138, 162 
of esophagus, 223-224 
of eyelids, 931 
of faee, 914-916 
of larynx, 1068f 
of lower limb 546f 
of lung, 176 
of middle ear, 963-964 
of nasal eavities, 1072, 1085-1087 
o f orbit, 942-947 
of palate, 1113f 
of parotid gland, 912 
of perinemn 436 
peripheral sympathetie, 41-42 
of peritonemn, 303 
of pharynx, 1051f 
of sealp 

anterior to ears and vertex, 924 
posterior to ears and vertex, 924-925 


Innervation (Continued) 
sympathetie 

of abdomen and pelvie region, 44-45 
of laerimal gland, 933 
of thoraeie and eervieal viseera, 43 
of teeth, 1118f 
of thoraeie wall 158-160 
of trapezhis, 87f 
of tympanie membrane, 957 
ofupperlimb 696f 
of ureters, 380 
Inspiration 

abdominal role in, 258f 
foreed, 1064f 

Interarytenoid fold, 1060f, 1061 
interehondral joints, 149f, 150 
intereondylar areasof tibia, 587-588, 607f 
intereondylar fossa, 584, 612f 
intereostal artery, 15 lf—152f, 29lf 
intereostal muscles, 152-154 
intereostal nerves, 109, 131, 134f-135f, 

15lf—152f, 158-160, 268 
intereostal spaees 

arterial supply, 15 5-15 6 
eostal groove, 150 
innervation, 158-160 
lymphatie drainage, 158 
muscles, 152-155 
relationships, 151f-152f 
venous drainage, 156 
intereostal vein 133f, 15lf—152f 
intereostobraehial nerve, 160, 72 6f, 727 
Intermediate group of baek muscles, 90 
Intermediate layerof forearm muscles, 779, 780f 
Intermediate tarsal bone, 637 
Intermittent claudication, 603 
Internal acoustic meatus, 970f 
internalearotid arteries, 848f, 882, 1011 
stenosis, 872f, 1132b 
Internal ear 
bony labyrinth 
eoehlea 966-967 
semieirailar eanals, 966 
innervation, 969-971 
membranous labyrinth 967-969 
organs of balanee, 968 
organs of hearing, 968-969 
series of bony eavities in, 965 
transmission of sound, 971 
vessels, 969 

Internal iliae artery, 379f, 430f, 435f, 462f, 49 5f, 
561f 

anterior tmnk, 496-498 
posterior trunk, 496 
Internal intereostal muscles, 153t, 154 
Internal jugular vein, 126f, 133f, 925f, 954f 
drainage of palate, 1112f 
in posterior triangle of neek, 1026f 
Internal oblique muscle, 259f, 284 
Internal os, 479f 

Internal pudendal artery, 496-497, 516, 517f 
Internal pudendal vein, 518f 
Internal thoraeie artery, 156, 292f 
in anterolateral abdominal wall 29lf 
in relation to thymus gland, 212f 
right breast and, 13lf 
inrootof neek, 1032 
i n thoraeie wall, 134f-135f, 15 5f 
Internal urethral sphineter, 46 7 
Internal vertebral plexus, 102f 
Interosseous membrane 

distal radioulnar joint and, 774f, 775 
of leg, 620, 628f 

Interosseous saeroiliae ligament 44 7f 
Interosseous taloealeaneal ligament 642f-643f 
Interphalangeal joints 
of foot, 646 
fulcrums of, 803f 
of hand, 796 
movements of, 6 91 f 
Interspinales muscles, 971 
Interspinous ligaments, 82 
Intertarsal joints of foot, 640 
Intertransversarius muscle, 96f, 97t 


intertroehanterie erest, 555f, 556 
intertroehanterie fractures, 5 5 8 b 
intertroehanterie line, 554-556 
Intertubercular plane, 404f 
Intertubercular sulcus, 704, 72 7f 
Interventricular septum, 194 
Interventricular sulci, anterior and posterior, 188, 
189f 

Intervertebral dise, 59f, 66f, 105f, 125f, 446f 
herniation, 79b 
parts of, 78 

Intervertebral foramina, 66f-67f, 72-73, 105f 
andspinal nerves, 63 
Intervertebral joints, 77-78 
Intraabdominal pressure, 258 
intraeerebral aneurysm 885b 
intraeranial hemorrhage, 891b-892b 
intraeranial venous eonneetions of faeial vein 920 
Intramuscular injeetions 
avoiding seiatie nerve, 663f 
in gluteal region, 581b 
Intraperitoneal abdominal viseera, 260, 26lf 
Intravenous urography, 6, 111, 385 
intrinsie innervation of abdominal viseera, 358 
intrinsie ligaments of larynx 1057-1058 
intrinsie muscles 
of baek, 58f 
of eye, 950t 
within eyeball, 936 
of foot, 650-657 
of hand, 693, 804-810, 808t 
of larynx, 1061-1063 
of tongue, 1096t, 1097 
Investing faseiaof neek, 1001 
Iodine, eontrast agent, 6 
Iris, 947f. 950-951 
Irregular bones, 13 
isehemia 

ehronie leg, 603 
of left leg 247-248 
renal. 248 

isehial spine, 426f, 437f, 552f 
isehial tuberosity, 442f, 510f, 552-553 
pelvie inlet and, 426f 
pelvie outlet and, 428f 
pelvie walls and, 42 7f 
perineal membrane and, 45 7f-^4 58f 
perinemn and, 521f 
in relation to seiatie nerve, 663f 
isehioanal fossae, 504 
Ischiocavernous muscle, 439f, 508 
isehiofemoral ligameat, 560 
Ischiopubic ramus, 427f-428f, 535f, 553 
isehimn 367f, 443f, 444 
Isthmus of thyroid gland, 112 3f 


J 

Jaundice, 341b 

Jejunal arteries, 348f, 349-350 
Jejunal veins, 354f 
Jejunostomy, 32 7 
Jejmimn, 313-314, 3 33f 
in relation to kidney, 3 74f 
Joint capsule, 18, 19f 

glenohmneral joint, 708-709 
kneejoint 607f-608f 
temporomandibular joìnt. 976 
Joints 

of baek, 77-78 

degenerative disease of, 22b-23b, 614b 
laryngeal 

erieoarytenoid joints, 1059 
erieothyroid joints, 1058-1059 
of pelvis, 446-448 
replaeement of. 24b 
between ribs and vertebrae, 12 5f 
solid, 20-21 
synovial 18-20 
of thoraeie wall 148-150 
ofupperlimb 690-691 
Jugular foramen, 870f 
Jugularnotch, 147f, 231, 231f, 404f 
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Jugular tmnks, 30f, 228, 392t, 1037, l()5()f 

Jugular venous pulse, 1013b 
Jugular wall of middle ear, 959 
Jugulo-omohyoid node, 1038f, 1039 
Jugulodigastric node, 1038f, 1039 


K 

Kidneys, 255f-256f, 366f, 373-378 
pelvie kidney, 5 2 8b 

relationships to other structures, 374-375 
renal fat and faseia, 376 
structure of, 377 
surface projeetion of, 409 
transplantation, 383b-384b 
vasculature and lymphaties, 378 
Klippel-Feil syndrome, 7 6 
Knee joint 

articular surfaces, 606-607 
examination of, 614b-615b 
íìbrous membrane, 610 
identifying structures around, 664 
injury to, 673b-674b 
ligaments, 610-612 
loeking meehanism, 612-613 
menisei, 607 
movements of, 539f 
replaeement, 23f 
synovial membrane, 609-610 
vascular supply and innervation, 613 
Kyphosis, 76b 


L 

Labial glands, 1104f 
Labioserotal swelling, 269f-270f 
Labium majus, 476f, 511, 523f-524f 
Labiumminus, 522f 
Labyrinthine artery, 969 
Labyrinthine wall of middle ear, 960-961 
Laeerations of sealp 926b 
Laehman test, 614-615 
Laerimal apparatus, 932-933 
major features of, 1126-1127 
Laerimal artery, 941 
Laerimal gland, 932, 1104f 
innervation, 998 
sensory innervation, 933 
sympathetie innervation, 933 
Laerimal nerve, 944-945 
Laerimal sae, 932f-933f, 1126f 
Lactiferous sinuses, 13 lf, 140f 
Lacunar ligament, 283, 300f-301f 
Lambdoid suture, 859f 
Lamina, 57f 
Landmarks 

of head, 1120-1121 
hyoglossus muscle i n íloor o f oral eavity, 
1099 

nonvertebral skeletaJ. 112 
palpable bony 
of baek, 113f 
of perinemn 521f 
positions of lumbar vertebrae, 404f 
of posterior scapularregion, 819 
surface projeetionof abdomen, 402 
Laparoseopie surgery 
of abdomen, 279b 
view of eystie duct and eystie artery, 
332f 

Large intestine, 319-324 

eeemn and appendix, 320-321 
eolon, 322-323 
rectum and anal eanal 324 
Laryngeal inlet, 1064f 
Laryngeal prominenee, 1123f 
Laryngopharynx, 840f, 846f, 1048, 1051 
Laryngoseopy, 1065 b 
Larynx, 840-841, 1052-1069 
in anterior triangle of neek, 1017 
arteries, 1066 

and assoeiated structures in neek, 849f 


Larynx (Continued) 
eavity 

division into major regions, 1059 
laryngeal ventrieles and saccules, 1059 
rima vestibuli and rima glottidis, 1059-1061 
extrinsic ligaments 

erleotraeheal ligament 1057 
hyoepiglottie ligament, 1057 
thyrohyoid membrane, 1056 
functions 

effort closure, 1065 
phonation, 1065 
respiration, 1064-1065 
swallowing, 1065 

intrinsie ligaments, íìbroelastie membrane, 

1057-1058 

joints 

erieoarytenoid joints, 1059 
erieothyroid joints, 1058-1059 
laryngeal eartilages 

arytenoid eartilages, 1055 
corniculate eartilages, 1056 
erieoid eartilage, 1053 
cuneiform eartilages, 1056 
epiglottis, 1055 
thyroid eartilage, 1054 
lymphaties, 1067 
nerves 

recurrent laryngeal nerves, 1069 
superior laryngeal nerves, 1068 
veins, 1067 

Larynx: intrinsie muscles, 1061-1063 
erieothyroid muscles, 1062 
lateral erieoarytenoid muscles, 1062-1063 
oblique arytenoid muscles, 1063 
posterior erieoarytenoid muscles, 1062 
thyroarytenoid muscles, 1063 
transverse arytenoid muscles, 1063 
voealis muscles, 1063 
Lateral arehof foot, 543f 
Lateral arcuate ligament, 262f, 263, 370f 
Lateral circumflex femoral artery, 561f, 601 
Lateral eompartment of leg, 544f 
arteries, 629 
muscles, 628-629 
nerves, 548f, 630 

Lateral eord of braehial plexus, 739 
branehes of, 742, 743f 

Lateral erieoarytenoid muscle, 106 lt, 1062-1063 
Lateral cutaneous braneh, 134f-135f 
T7 to T12, 289f 

Lateral cutaneous nerve of forearm 760f 
Lateral cutaneous nerve of thigh 399f, 401, 
564t-565t, 566 
Lateral epieondyle 
femoral, 584 
hnmeral, 752, 753f 
Lateral femoral eondyle, 61 lf 
Lateral flexion of baek, 55f 
Lateral fornix 480f 
Lateral ligament of ankle joint, 640 
Lateral longitudinal areh 648f 
Lateral malleolus, 541 f, 543f, 619f, 633f, 659f 
Lateral marginal vein , 55()f 
Lateral meniscus, 607f-608f, 611f, 674f 
Lateral nasal artery, 1084 
Lateral palpebral ligament, 929f 
Lateral peetoral nerve, 142f, 742 
Lateral plantar artery, 657 
Lateral plantar nerve, 660-661 
Lateral position, 4 
Lateral pterygoid muscle, 977t, 983 
nerve to, 985 

Lateral rectus muscle, 939-940 
Lateral saeral artery, lOOf-lOlf, 496 
Lateral thoraeie artery, 735 
Lateral thyrohyoid ligaments, 1056f 
Lateral vertebral muscles, 1029f 
Lateral view of skull, 856t, 857-859 
lateral portion of ealvaria, 858 
mandible, 859 

visible part of faeial skeleton, 858 
Lateral wallof axilla, 721f-722f, 727-728 
Lateral wall of iní'ratemporal fossa, 981 


Lateral wall of nasal eavity, 1070-1071, 
1077-1080, 1082 
Lateral wall of orblt, 928 
Latissimus dorsi muscle, 58f, 85f-86f, 89, 

116f—117f, 282f, 727f, 730, 819f 
Layers of abdominal wall 280f, 288f 
Layers of eyeball 
fibrous, 949 
vascular, 950-951 
Layers o f sealp 

aponeurotic layer, 922-923 
eonneetive tissue (dense), 922 
loose eonneetive tissue, 923 
perieranimn 923 
skin 922 

Least splanehnie nerves, 44f, 229f, 230, 276f, 360f 

Leftanterior deseending artery, 198 

Left atrimn, 185f, 187f, 193-194, 195f, 207f 

Left braehioeephalie vein 21 lf, 213, 219f, 1037f 

Left eolie artery, 350, 352f 

Left eommon earotid artery, 216, 1010 

Left eommon iliae artery obstruction, 529b 

Left eommon iliae vein 273f 

Left eoronary artery, 198, 200f-201f 

Left gastrie artery, 344 

Left gastrie vein 354f 

Lefthepatie artery, 332f 

Left kidney, 374-375 

Lefthmg, 169-172 

bronchopulmonary segments, 173f 
major structures related to, 171f 
Left phrenie nerve, 221 
Left pleural eavity, 129f 
Left pulmonary artery, 174 
Left recurrent laryngeal nerve, 208f, 220-221, 
221f, 1033f 

Left subclavian artery, 216, 1031-1032 
Left superior intereostal vein 157f, 214 
Left-to-right venous shunts, 132, 133f, 273-274 
Leftvagus nerve, 220-221 
Left ventriele, 186f-187f, 194, 196f, 207f 
Leg, 536f, 618-633 
anterior eompartment 
arteries, 632 
imiseles, 630-633 
nerves, 548f, 632-633 
ehronie isehemia, 603 
íibula, 539 

shaft and distal end of, 619-620 
interosseous membrane, 620 
lateral eompartment 
arteries, 629 
muscles, 628-629 
nerves, 548f, 630 
muscle eompartments, 544f 
neurological examination, 625b 
posterior eompartment 
arteries, 626-627 
muscles, 621-625 
nerves, 548f, 627-628 
tibia, 539 

shaft and distal end of, 618-619 
Lens, 947-948 

Lesions of eranial nerves, 901b 

Lesser oeeipital nerve, 925, 1030 

Lesser omentmn, 307, 308f, 338f 

Lesser palatine nerve, 995, llllf, 1112-1113 

Lesser petrosal nerve, 964f, 989 

Lesser sae, 304 

Lesser seiatie foramen, 432f-433f, 450, 452-453, 
563, 574f 

Lesser seiatie noteh 442f 

Lesser splanehnie nerves, 44f, 229f, 230, 276f, 

360f 

Lesser troehanter, 554-556 

Lesser tubercle of proximal humerus, 704-705 

Lesser wing of sphenoid bone, 993f 

Levator anguli oris muscle, 910 

Levator ani muscle, 429f, 439f, 454-456 

Levator labii superioris alaeque nasi nrnsele, 910, 

1080f 

Levator labii superioris muscle, 904f, 910 
Levator palpebrae superioris muscle, 929-930, 
932f, 937-938 
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Levator scapulae muscle, 58f, 86f-88f, 89, 692f, 
714-715, 1024t 

Levator veli palatini muscle, 846f, 982f, 1044f, 
1106t, 1107f, 1108 
Levatores costarum muscles, 96f, 97t 
Ligament of head of femur, 559f 
Ligament of Treitz, 325 
Ligamenta ílava, 80-81, 82b, 105f 
Ligaments 

of arehes of foot 648-649 
assoeiated with knee joint, 610-612 
of hip joint, 560-561 
of inguinal region, 283f 
perÌtoiiL'íil . 309 
Ligaments of baek 

anterior and posterior longitudinal ligaments, 

80 

interspinous, 82 

ligamenta ílava, 80-81, 82b 

supraspinous ligament and ligamentum nuchae, 

81-82 

Ligamentmn arteriosum, 176f, 216, 220f 
Ligamentmn nuchae, 81-82, 86f, 88f, 94f, 114f 
Line of attaehment 

for lateral pharyngeal walls, 1042 
of pharynx tobaseof skull 1041f 
Linea alba 282f 
Linea aspera, 555f, 556, 584 
Linea terminalis, 449f 
Lingual artery, 1012t, 1013, 1098f, 1100, 
lllOf 

Lingual nerve, 986-987, 1101 
Lingual tonsiL 1048 
Lingula, 982f 
Lips, 1113-1114 
Liver 

biopsy, 411b 
eirrhosis of, 356b-357b 
metastatie lesions in, 420b 
segmental anatomy of. 339b-340b 
surfaces of, 328 

venous drainage from GI system through 

274-275 

Lobar bronehi, 172f, 173 
Lobes 

of brain 879f 
of left lung 171f 
of liver, 329f-330f, 331, 340f 
of lungs 

listening to, 240f 
visualizing 236-238 
of right lung, 170f 
of thyroid gland, 1018f 
Lobule, 1127f 
Loeation deseriptors, 4 
Loeking meehanism, knee joint, 612-613 
Loeomotion, function of lower limb 537-539 
Long bones, 13 
Long eiliary nerves, 946 
Long plantar ligament, 644 
Long posterior eiliary artery, 947f 
Longthoraeie nerve, 726f, 741, 1030 
Longissimus eapitis, 94f, 951 
Longissimus eervieis, 94f, 951 
Longissimus thoraeie, 94f, 951 
Longitudinal areh of foot. 648 
Longitudinal eompartments of neekfaseia, 1002 
Longitudinal muscle layer, 47f 
Longitudinal muscles of pharynx, 1044-1045 
Longus eapitis muscle, 1029t 
Longus eolli muscle, 1029t 
Loose eonneetive tissue of sealp, 923 
Lordosis, 76 

Lower limb. See also Foot; Gluteal region; Leg; Thigh 
arteries 

femoral 566, 664 
obturator, 566-568 
superior and inferior gluteal 566-568 
bones and joints, 539-543 
bony pelvis 

acetabulum, 553 

ilimn, 551-552 

isehial tuberosity, 552-553 

ischiopubic ramus and pubic bone, 553 


Lower limb (Continued) 
deep faseia 
faseia lata, 571 
iliotibial traet, 571 

femoral triangle, 537, 572-573, 664 

gateways 

gap between inguinal ligament and pelvie bone, 

563 

greater seiatie foramen, 562-563 
lesser seiatie foramen, 563 
obturator eanal. 562 
hip joint, 558-561 
flexors of, 544f 
movements of. 53 8f 

innervation by lumbar and saeral spinal nerves, 

545-548 

loeomotive function, 537-539 
lymphaties 

deep inguinal nodes, 570-571 
popliteal nodes, 571 
superfìcial inguinal nodes, 570 
muscles, 543-544 
popliteal fossa, 537, 666 
proximal femur, 554-556 
pulse points, 671 
regions uf, 536 
relationship to 

abdomen, 264, 545 
baek, 62 

pelvis, 433, 545 
perineum 545 
saphenous opening, 572 
support of body weight, 537 
surface anatomy, 663 
upper margin 535f 
veins, 568 

superficial. 550, 670 
Lower limb nerves 
femoral nerve, 563 
gluteal nerves, 565-566 
ilioinguinal and genitofemoral nerves, 566 
lateral cutaneous nerve of thigh 566 
nerve to 

obturator intermis, 566 
quadratus femoris, 5 66 
obturator nerve, 565 
perforating cutaneous nerve, 566 
posterior cutaneous nerve of thigh 566 
related to bone, 550 
seiatie nerve, 565, 663 
Lmnbago, 118b 

Lmnbar artery, 105f, 387f, 388-389 

Lmnbar curvature, 54f, 112f 
Lmnbar ganglia, 359f 
Lmnbar nerves, 109 
anteriorrami 564f 
Lmnbar nodes, 392-393 
Lmnbar plexus, 49f, 398-401 
innervation of lower limb 545-548 
Lumbar puncture, 104, 106b 
Lmnbar region of baek, 61 f, 73f, 105f 
Lmnbar splanehnie nerves, 44f, 276f, 361, 394f 
Lmnbarveins, 391 
Lmnbar vertebrae, 56f, 64f, 66, 72 
determination of levels, 404-405 
intrapedicular needles in, 17f 
U level ,271 

visualizing structures at. 405 
LIVandLV 265f 
pars interarticularis fracture, 83f 
in posterior abdominal area, 367 
red marrow, 15 f 
zygapophysial joint, 78f 
Lumbosacral enlargement, 99f, 108f 
Lumbosacral joints, 446 
Lumbosacral plexus, 564f 
Lumbosacral tmnks, 399f, 487f, 563 
Lmnbrieal muscles, 650f, 654, 803f, 807f, 808t, 
810 

Lunate bone, 793 

Lunate surface of acetabulum 553f 
Lungs 

bronehial arteries and veins, 174 
bronehial tree 172-173 


Lungs (Continued) 

bronchopulmonary segments, 173 
bronehoseopy, 178b 
eaneerof, 179b, 242b 
high-resolution CT, 178b 
imaging, 178b 
innervation, 176 
left, 169-172, 171f 
listening for lung sounds, 238 
lymphatie drainage, 176-178, 177f 
pulmonary arteries, 174 
pulmonary veins, 174 
pulmonary vessels, 175f 
right 169, 170f 
apexof, 126f, 129f 
root and hilum 167-169, 168f 
surfaces of, 167, 168f 
visualizing, 236-238 
Lymph nodes, 30, 31b 
axillary, 141, 748-749 
of neek 

eervieal nodes, 1039 
superfìcial nodes, 1038-1039 
ovarian, 501f 
parastemal, 13 lf 
retroperitoneal, surgery, 393b 
Lymphatie drainage 

of abdominal part of GI traet, 358 
o f anterolateral abdominal wall 292 
of auricle, 955 
of breast, 139-141 
of esophagus, 223 
of faee, 920 

of headandneek, 1039b-1040b 
of heart, 204 
of kidneys, 378 
of larynx, 1067 
o f lower limb 5 70f 
of lung, 176-178, 177f 
of nasal eavities, 1086f 
of perinemn 519f 

pre-aortie and lateral aortie or lmnbar nodes, 

392-393 

of sealp, 926-927 
of teeth and gums, 1117f 
of thoraeie wall 158 
of tongue, 1102 
of ureters, 380 
Lymphatie ducts, 30 
Lymphatie trunks, 30 
Lymphatie vessels, 29 
of axilla, 748f 
of breast, 131 
oflowerlimb 570-571 
of neek, 1038-1039 
of pelvie viseera, 501-502 
of perinemn 519 
of pharynx, 1050 
of thoraeie wall 15 8f 
Lymphoma, Hodgkin’s, 412 b 


M 

Maeroadenoma, pituitary, 1135b 
Magnetie resonanee imaging (MRI), 8 
of glenohmneral joint 710f 
of head, 871 
of heart ehambers, 190f 
of indireet inguinal hernia, 302f 
interpretation of images, 11 
knee joint, 607f-608f 
of normal wrist, 799f 
obstetrie pelvie measurements with, 454b 
of prostate problems, 474f 
of ruptured ealeaneal ligament 678f 
Majorcalyx, 377 

Malabsorptive procedures for morbid obesity, 365 
Male reproductive system 
bulbourethral glands, 473 
ductus deferens, 470-472 
epididymis, 470 
external genitalia, 511-512 
prostate, 473 
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Male reproductive system (Continued) 
seminal vesiele, 473 
testes, 470 

tunica vaginalis, 471f-472f 
urogenital triangle structures, 524-525 
Malleus, 958f, 961f, 962, 970f 
Malrotation, midgut, 325 
Mammary glands, 139 
axillary proeess of. 749 
Mammillary proeess, 69f-71f 
Mandible, 855f, 974f 

anterior view of skull 8 5 6-8 5 7 
lateral view o f skull 859 
movements of, 9 7 6-9 7 7 
inoral eavity, 1090-1091 
ramus of. 838f, 972f, 975 
Mandibular nerve (V 3 ), 850f, 898, 983-987 
branehes, 984 
innervation of faee, 916 
Mandibular noteh 977f 
Manubriosternal joints, 149f, 150 
Manubrium o f sternmn 123 f, 124, 12 6f, 147, 
705f, 839f 

Marginal artery, 3 52f—3 53f 
Margins of heart, 187-188 
visualizing, 235 

Marginsof perinemn, deíìning, 520-522 

Masseter muscle, 972f, 977-978, 1102f 

Masseterie artery, 991 

Masseterie nerve, 985 

Masteetomy, 141 

Mastieation muscles, 977t 

Mastoid antrum 961 

Mastoid nodes, 926f, 927, 1038f, 1039 

Mastoid proeess, 715f, 839f, 1120f 

Mastoid wall of middle ear, 960 

Mastoiditis, 961 b 

Maxilla, 856, 858, 974, 1081f, 1088 
Maxillary artery, 998-999, 1012t, 1013 
branehes, 918f, 919, 990,999 
Maxillary nerve (V 2 ), 898 
branehes, 995-996, 1086 
innervation of faee, 915 
Maxillary simises, 1071f, 1074f-1075f, 1076 
Maxillary vein 1112f 
Meekel’s diverticulum, 318 
Medial arcuate ligament, 262f, 263, 37Of 
Medialealeanealnerve, 627f, 628 
Medial circumílex femoral artery, 561f, 602 
Medial eompartment of thigh, 544f, 584, 589, 
594-597 

Medial eord of braehial plexus, 739 
branehesof, 742, 743f 
Medial cutaneous nerve of arm 742 
Medial cutaneous nerve of forearm 742 
Medial epieondyle, 699f 
feraoral, 586 

hmneral 752, 753f, 760f 

Medial femoral eondyle, 611f 
Medial ligament of ankle joint, 639-640 
Medial longitudinal areh 648f 
Medialmalleolus, 541f, 543f, 618-619, 633f 
Medial marginal vein 5 50f 
Medial meniscus, 607f-608f, 61 lf, 674f-675f 
Medial palpebral artery, 942 
Medial palpebral llgament. 929 
Medial peetoral nerve, 142f, 742 
Medial plantar artery, 657-658, 669f 
Medial plantar nerve, 660 
Medial position, 4 
Medial pterygoid muscle, 977t, 982 
nerve to, 985 

Medial rectus muscle, 939-940 
Medialwallof axilla, 721f-722f 
intereostobraehial nerve, 727 
serratus anterior muscle, 726-727 
Medial wall of infratemporal fossa, 981 
Medial wall o f nasal eavity, 1076 
Medial wall of orbit, 927-928 
Median arcuate ligament, 262f, 263, 370f 
Mediancubital vein 700f, 769f 
Median nerve, 696f, 698f, 742-818, 760f, 817f 
in anterior eompartment of forearm, 784 
in arm 761 


Median nerve (Continued) 
in hand, 817 
injury, 763b 

innervation of digits, 699 
lateral root. 742 

motor function in hand, 826-827 
Median saeral artery, 38 7f, 388t, 498 
Median saeral veins, 501 
Median mnbilieal fold, 484f-485f 
Mediastinal branehes of thoraeie aorta, 225t 
Mediastinal pleura, 164-165 
Mediastinmn 15 lf—152f 
aniortor, 230 
lateral view, 180f 
middle, 180-210 
posterior, 222-230 
role a s eondni t, 12 4 
subdivisions of, 128, 180, 18 lf 
superior, 210-222 
Medulla oblongata, 880f 
Membranous labyrinth, 967-969 
Membranous part of urethra, 468 
Membranous wall of middle ear, 959 
Meningeal braneh of mandibular nerve, 984 
Meningeal layer o f dura mater, 873 
Meninges, 32 

araehnoid mater, 103, 876 
eranial dura mater, 8 7 3-8 76 
arterial supply, 875 
dural partitions, 874 
innervation, 8 76 
extradural spaee, 877 
pia mater, 104, 877 
and sealp, 890f 
spinal dura mater, 103 
subarachnoid spaee, 103-104, 877 
subdural spaee, 877 
Meningitis, 878b 
Menisei of knee joint, 607 
Mental artery, 990f 
Mental foramen, 85 5f 
Mental nerve, 98 7 
Mentalis muscle, 904f, 909 
Meseneephalon, 879 
Mesenterie angina, 353 
Mesentery, 47f, 255f-256f, 260f-261f 
development 266f-267f 
sigmoid mesoeolon, 309 
transverse mesoeolon, 309 
Mesoappendix, 321 f 
Mesoderm 33f 

Mesometrimn, 483, 484f-485f 
Mesovarimn 476f, 483 
Metaearpals, 69Of, 691 
base and head of, 79 3 
Metaearpophalangeal joints, 691, 796 
Metastases 
bony, 120 

from malignant melanoma to liver, 420b 
peritoneal 306f 
Metatarsals, 633f, 637-638 
Metatarsophalangeal joints, 645 
Meteneephalon, 879 
Midbrain, 880f 
Midclavicular planes, 2 78f 
Middleeardiae vein, 189f, 204, 205f 
Middle eervieal ganglion, 1036 
Middle eolie artery, 348f, 350, 352f 
Middle eolie vein, 354f 

Middle eonstrietor muscles of pharynx, 1043t, 1044 
Middle eranial fossa, 866t 
sphenoidbone 

íìssures and foramina, 867-868 
sella turcica, 867 
temporal bone, 868 
Middle ear 
auditory ossieles 
incus, 963 
malleus, 962 

muscles assoeiated with 963 
stapes, 963 
boundaries 

anterior wall 960 
jugularwall 959 


Middle ear (Continued) 

labyrinthine wall, 960-961 
mastoid wall 960 
membranous wall. 959 
tegmental wall 959 
functions of. 958 
innervation, 963-964 
mastoid area, 961 
pharyngotympanie tube 
innervation, 961 
vessels, 961 
vessels, 963 

Middle mediastinmn, 128f 
aseending aorta, 210 
heart, 184-209 
oblique perieardial sinus, 210 
perieardimn 181-183 
pulmonary tmnk, 209-210 
superior and inferior vena eava, 210 
Middle meningeal artery, 990-991, 1124-1125 
Middle reetal artery, 496, 497f-498f 
Middle reetal vein, 500f 
Middle sealene muscle, 721f-722f 
Middle superior alveolar nerve, 1118 
Middle suprarenal artery, 386f 
Middle temporal artery, 980-981 
Midfoot fractures, 638 
Midgut, 272f, 344 

development, 265-268 
Midline raphe, 429f, 509f 
Minor calyx, 377 
Mitral valve, 194, 195f 

auscultation position for, 2 3 6f 
disease of, 197 
Modiohis, 968f 
Molar teeth 1114, 1115f 
Mons pubis, 511, 521f 
Monteggia’s fracture, 774 
Morton’s neuroma, 661b 
Motor function, of median and ulnar nerves in 
hand, 826-827 
Motor innervation 
of eyelids, 931 
of faee, 916 
of tongue, llOOf 
Motor neurons, 34, 34f 
Movement 

of arm at glenohumeral joint, 688f 
of diaphragm and thoraeie wall during breathing 

162 

of elbow joint, 764f 
of eyeball 937f, 940 
of forearm 688f 
function of baek, 54-55 
generated b y myotomes, 5 4 7f 
of hip joínt, 5 3 8f 
of knee and ankle, 539f 
of scapula, 68 7f 

at temporoinandibular joint, 975f-976f 
of thmnb 701f 

Mucosal features of pharynx, 1047f 
Multiaxial synovial joints, 19 
Multiíidus muscles, 95, 96f, 97t 
Multinodular goiter, 102lb, 1129b-1130b 
Muscle eompartments of arm, 750 
Muscle eompartments of leg 
anterior, 630-633 
lateral, 628-630 
posterior, 621-628 
Muscle eompartments of thigh 
anterior, 544f, 584, 589 
medial 589, 594-597 
posterior, 584, 589, 595f, 598-599 
Muscle layers of enterie system, 364f 
Muscle(s) 

assoeiated with posterior triangle of neek, 1024t 
atrophy, 26b 

of baek. See Baek muscles 
eardiae, 25 

of gluteal region, 574-579 
of head, 846 

hypaxial andcpaxial. 33, 34f 
injuries, 26b 
to lower limb, 599b 
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Muscle(s) (Continued) 
oflowerlimb 543-544 
of mastieation, 977t 
of neek, 846 
paralysis, 26b 

of peetoral region, 142-143 
of pelvie floor and perinemn, interseetion at 
perineal body, 439 
of posterior abdominal region, 368 
of posterior scapular region, 819 
skeletal. 25 
smooth. 25 
of soft palate, 1106t 
submucosa, 47f 
of thoraeie vvall, 152-155 
ofupperlimb 692-693 
Muscles in sole, 651-657 
fìrst layer, 652-653 
fourth layer, 656-657 
seeond layer, 653-654 
third layer, 654-655 

Muscular branehes of eervieal plexus, 1028 
Muscular system, 25 
Muscular triangle of neek, 1006, 1022t 
Musculocutaneous nerve, 696f, 698f, 699, 742, 
760, 769f 

Musculofascial eollar 840f 
Musculophrenic artery, 155f, 156, 291f-292f 
Musculus uvulae muscle, 1106t, 1109f, 1110 
Myeleneephalon, 879 
Myelomeningoeele, 74f 
Myenterie plexus, 364f 
Mylohyoid muscle, 1008, 1092-1093, 1098f 
Myoeardial infaretion, 243b-245b, 247 
Myotomes, 35-36, 37b 
lower limb 54 7f 
upper limb 696, 69 7f 


N 

Nares, 838f, 1069f, 1080-1081 
Nasal bones, 856 
Nasal eavities, 837, 1069-1087 
arteries, 1083-1084 
blood supply, 1072, 1082-1084 
ehoanae, 1081 
external nose, 1074 
floor, 1077 
gateways 

eribriform plate, 1082 
ineisive eanal 1082 
small foramina in lateral wall 1082 
sphenopalatine foramen, 1082 
innervation, 1072 

branehes from maxillary nerve, 1086 
branehes from ophthalmie nerve, 1085-1086 
olfaetory nerve, 1085 
parasympathetie, 1086 
sympathetie, 1086 
lymphaties, 1086-1087 
nares, 1080-1081 
paranasal sinuses, 1074-1076 
ethmoidal eells, 1075-1076 
frontal sinuses, 1075 
maxillary sinuses, 1076 
sphenoidal sinuses, 1076 
regions, 1071-1072 
in relation to larynx, 1052f 
roof, 1077 

skeletal framework, ethmoid bone, 1072-1074 

veins, 1084 

walls 

íateral, 1070-1071, 1077-1080,1082 
medial, 1076 

Nasal group of faee muscles, 905t-906t, 

907-908 

Nasal nerves, 995-996 
Nasal septmn 1076 
deviated, 1077b 
Nasal vestibules, 1071f 
Nasalis muscle, 904f, 907-908, 1080f 
Nasoeiliary nerve, 945-946, 1075 
Nasolaerimal eanal, 934f 


Nasolaerimal duct, 1071f, 1078-1080, 1126f 
Nasopalatine nerve, 1085f, 1086, llllf, 1113 
Nasopharynx, 840f, 961f, 1046-1048, 1051, 
1069f 

Navicular, 542f, 634f, 641f 
tuberosity, 639f 

Neek, 1000-1039. See also Larynx; Pharynx 
airwayin 849 

andarm, walls and transition between, 

721f-722f 

boundariesof. 839-841 
earotid pulse, 1128 
eervieal nerves, 851 
eervieal vertebrae, 844-845 
eompartments, 840 

eonneeting upper and lower respiratory and 

digestive traets, 841 
eranial nerves, 850 
erieothyroid ligament, 1123-1124 
faseia, 1000-1003 
functions of. 841 
hyoid bone, 845 
lymphaties 

deep eervieal lymph nodes, 1039 
superfìcial eervieal lymph nodes, 1039 
superficial lymph nodes, 1038-1039 
muscles, 846 

regions elinieally used to evaluate lymph nodes, 

1040f 

relationship to 
thorax, 130, 847 
upper limb 693-695, 847 

separationof digestive and respiratory passages 

851-854 

superfìcial venous drainage 
anterior jugular veins, 1004 
external jugular veins, 1003-1004 
surface anatomy, 1120 
thyroid gland, 1124 
triangles, 854 

anterior, 1000, 1006-1022, 1122 
posterior, 1000, 1023-1030, 1122 
vertebral levels CIII/IV 
and CV/VI, 848 

andCVI. 1121 
Neek: root, 1030-1039 
lymphaties, thoraeie duct, 1036-1037 
phrenie nerves, 1033-1036 
recurrent laryngeal nerves, 1034 
subclavian arteries, 1031-1033 
eostoeervieal trunk, 1032-1033 
internal thoraeie artery, 1032 
thyroeervieal tmnk, 1032 
vertebral artery, 1032 
sympathetie nervous system 1034-1036 
eervieal part of sympathetie tmnk, 1036 
ganglia, 1036 

termination of lymphatie trunks in, 1037f 
vagus nerves, 1034 
veins, 1033 
Nephrostomy, 382b 
Nerve bloek 

braehial plexus, 830b 
intereostal nerve, 160b 
pudendal nerve, 49lb 
Nerve injury 

affeeting superfìcial baek muscles, 99b 
braehial plexus, 747b 
lingual nerve, 987b 
radial nerve 
in arm, 763b 
in hand, 818b 
ulnar nerve, 816b 
at elbow, 768b 

Nerve of pterygoid eanal, 997-998 
Nerve plexuses, 48 

Nerve to lateral pterygoid muscle, 985 
Nerve to medial pterygoid muscle, 985 
Nerve to obturator internus muscle, 491, 
564t-565t, 566, 580 

Nerveto quadratus femoris muscle, 564t-565t, 
566, 580 

Nerve to stapedius, 969-971 
Nerve to subclavius muscle, 742 


Nerves related to bone 
lower limb, 5 50 
pelvis and perinemn 437 
upper limb 699 
Nervous system 
CNS, 31-32 
dermatomes, 34-35 
enterie system, 47-48 
myotomes, 35-36 
nerve plexuses, 48 
parasympathetie system, 45-46 
in posterior abdominal region, 394 
proteetion by baek, 55 
somatie part, 33-34 
somatie plexuses, 48 
sympathetie system, 40-45 
viseeral part, 38-39 
viseeral plexuses, 48 
Neural erest, 33f 
Neuralgia, trigeminal, 921b 
Neuromas, Morton’s, 661b 
Neurovascular bundle, axillary, 820f 
Neurovascular supply 

segmental, of thoraeie walf 134-135 
of trapezius and deltoid muscles, 715f 
Nine-region pattern of abdomen, 278, 320f, 408f 
Nipple, 232f 
Notoehord, 33f 

Nuclear medieine imaging, 8-10 
interpretation of images, 11 
for myoeardial infaretion, 245 
of urinary traet, 385 
Nucleus pulposus, 77f, 78 


o 

Obesity, surgery for, 3 6 5 b 
Oblique arytenoid muscle, 1061t, 1062f, 1063 
Oblique fìssure, 237f-239f 
Oblique muscles of eyeball 940 
Oblique perieardial sinus, 183f, 209f 
Oblique popliteal ligament, 610f 
Obliquus eapitis inferior muscle, 96f, 981 
Obliquus eapitis superior muscle, 96f, 981 
Obstetries, pelvie measurements in 454b 
Obstruction 
bowel 326b 
eaval , 418b 

left eommon iliae artery, 529b 
Obturator artery, 496, 56lf, 566-568, 602 
Obturator eanal 432f-433f, 452, 562 
Obturator externus muscle, 594t, 597 
Obturator foramen, 426f, 428f, 552f 
Obturator intermis muscle, 426, 427f, 450-451, 
457f-458f, 575t, 576-577 
nerve to, 491, 564t-565t, 566, 580 
Obturator nerve, 399f, 401, 492, 548f, 564t-565t, 
604, 605f 

Obturator vein 500f, 568f 
Obtuse margin of heart, 188 
Oeeipital artery, 925f, 1012t, 1013 
Oeeipital bone, 860f, 863 
squamous part, 869 
Oeeipital eondyles, 863 
Oeeipital nodes, 926f, 1038f, 1039 
Oeeipital triangle of neek, 1023f 
Oeeipital vein 925f, 926 
Oeeipitofrontalis muscle, 905t-906t, 910, 923f 
Oculomotor nerve (III), 850f, 894t-895t, 897, 
901b, 902f, 943 
Oleeranon, 716f, 822f 
Oleeranon fossa, 752 

Olfaetory nerve (I), 894t-895t, 896, 901b, 902f 
innervation of nasal eavities, 1085 
Olfaetory region of nasal eavity, 1071 
Omenta, 307 
Omental appendiees, 319f 
Omental bursa, 266f-267f, 304 
Omental foramen, 266f-267f, 305f, 308f 
Omohyoid muscle, 849f, 1009, 1024, 1038f 
Openings into bony orbit, 934f 
Ophthalmie artery, 934f 
branehes, 919, 926 
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Ophthalmie nerve (Vi), 850f, 898, 944-946 
branehes from 1085-1086 
innervation of faee 914-915 
Ophthalmoseopy, 949b 
Opponens digiti minimi muscle, 808t, 810 
Opponens pollieis muscle, 806f, 808t, 809 
Opposition of thumb 701f 
Optie eanal, 934 

Optie ehiasm, dismption nf. 1135 
Optie dise, 947f, 951 

Optie nerve (II), 894t-895t, 896-897, 901b, 902f, 
942-943 

Oraserrata, 947f 
Oral eavity. See also Tongue 
buccinator muscle, 1092 
eheeks, 1091-1092 
íloor 

gatewayinto, 1094-1095 
geniohyoid muscles, 1093-1094 
mylohyoid muscles, 1092-1093 
functions, 1087 
innervation, 1088 
oral fìssure and lips, 1113-1114 
oropharyngeal isthmus, 1114 
in relation to larynx, 1052f 
relationship to nasal eavities, 1069f 
roof, 1087 

arteries, 1110-1111 
hard palate, 1105-1106 
innervation, 1112-1113 
lymphatie drainage, 1112f 
soft palate, 1106-1110 
veins, 1112 
salivary glands 

innervation, 1104-1105 
parotid gland, 1102 
sublingual glands, 1103-1104 
submandibular glands, 1103 
vessels, 1104 

teeth and gingivae, 1114-1119 
arteries, 1116-1117 
innervation, 1118-1119 
lymphatie drainage, 1117f 
veins 1117 

Oral eavity: skeletal framework 

cartilaginous part of pharyngotympanie tube, 

1090 

hyoid bone, 1091 
mandible, 1090-1091 
maxillae, 1088 
palatine bones, 1088 
sphenoid bone, 1088-1090 
temporal bone, 1090 
Oralfìssure, 1113-1114 
Oral group of faee muscles, 905t-906t, 

908-910 

Orbicularis oculimuscle, 839f, 904f, 906, 928-929, 
1125f 

Orbicularis oris muscle, 839f, 904f, 908-909, 

1092f, 1113f 
Orblt 837. See also Eyeball 
arteries, 941-942 
bony orbit, 927-931 
eyeball 947-951 
faseial speeializations 
eheek ligaments, 936 
faseial sheath of eyeball, 936 
periorbita, 935 

fìssures and foramina, 934-935 
fracture, 928b 
eomplieation of, 1134b 
laerimal apparatus, 932-933, 1126-1127 
muscles, 936-940 
veins, 942 
Orbit: innervation 
abducent nerve, 944 
oculomotor nerve, 943 
ophthalmie nerve, 944-946 
optie nerve, 942-943 
postganglionie sympathetie fìbers, 944 
troehlear nerve, 943-944 
Orbitalbranehesof maxillary nerve, 995 
Orbital group of faee muscles, 905-906, 907f 
Orbital septmn 929, 932f’ 935f 


Orientation of heart 

base and apex, 184-186 
external suld. 188-190, 189f 
margins andborders, 187-188, 235 
surfacesof heart, 184f, 187 
Orientation of pelvis, 434f, 448, 520 
Orientation of thumb 701 
Oropharyngeal isthmus, 837, 838f, 852f-853f, 
1114 

elosme of, 1108f 
Oropharyngeal triangle, 1046 
Oropharynx, 846f, 1048, 1051, 1069f 
Ossifieation of wrist bones, 14f 
Osteoarthritis, 22, 614b 
Osteophytes, 22f 
Osteoporosis, 17b, 77b, 676 
Ostomies, 327b-328b 
Otie ganglion, 45f, 850f, 8991 
Ottawa ankle rules, 641-642 
Outpouchings, 32 7f 
Oval window, 954f. 958f, 960, 971f 
Ovarian arteries, 498 
Ovarian veins ,501 
Ovaries, 476 
eaneer of. 477b 
imaging of, 477b 


P 

Paeemaker, broken, 246b 
Pain 

baek, 79b, HOb, 118b 
referred, 48b, 50f 
of eholeeystitis, 341 
from gut, 408 
from heart, 209, 244 
pathways, 397t 

related to perieardial problem 183 
Palate 

hard, 861, 1070f, 1099f, 1105-1106 
soft, 846, 852f-853f, 1069f- 1077f, 1106-1110 
Palatine aponemosis, 1106-1108 
Palatine bone, 973f, 1081f, 1088 
Palatine tonsil, 1044f, 1108f-1109f 
Palatoglossal arehes, 1108f 
Palatoglossus muscle, 846f, 1099, 1106t, 
1109-1110 

Palatopharyngeal sphineter, 1043 
Palatopharyngeus muscle, 846f, 1044f, 1045, 
1106t, 1107f, 1108-1109 
Palatovaginal eanal, 994 
Palmar aponemosis, 778f, 800 
Palmar braneh of median nerve, 817f 
Palmar braneh of ulnar nerve, 815f 
Palmar brevis muscle, 800 
Palmar digital artery, 812f 
Palmar digital nerves, 817 
Palmar interossei muscles, 804f, 808t, 809 
Palmar metaearpal arteries, 813f, 814 
Palmaris brevis muscle, 808t 
Palmaris longus muscle, 777 
Palpebral íìssmes, of faee, 1125f-1126f 
Palsy 

Bell’s, 921b 

reemrent laryngeal nerve, 1034b 
Panereas, 312f, 333-336 

arterial supply 346f 
eaneerof, 336b 
eareinoma of head of 417b 
in relation to kidney, 3 74f 
Panereatie buds, 266f-267f 
Panereatie duct, 335 
Papillae 

duodenal, 312-313, 335 
ineisive, 1105f 

renal, 377f 

of tongue, 1095 

Papillary muscles, 192, 193f, 194, 196f 

Para-umbilical hernias, 302 
Para-umbilical veins, 357 
Paralysis, muscle, 26b 
Paranasal sinuses, 1071f, 1074-1076 
Paranephrie fat, 376 


Parasternal nodes, 13lf, 140f, 158, 177f 

Parasympathetie íìbers 

to glands within oral eavity, 1088 
prevertebral plexus, 494 
Parasympathetie ganglia of head, 899t 
Parasympathetie innervation 

of abdominal part of GI traet, 361-364 

of head, 850f 

of heart, 209 

of laerimal gland, 933 

o f nasal eavity, 1086 

to salivary glands, 1104-1105 

from spinal eord levels S2 toS4: eontrol of 

ereetion, 438 

Parasympathetie rootof eiliary ganglion, 946 
Parasympathetie system, 45-46 
Parathyroid glands 

in anterior triangle of neek, 1020 
eetopie, 1022b 
in thymus, 212b 
Paratraeheal nodes, 1050f 
Paravertebral sympathetie trank, 42, 136f, 

492-494 

Parietal bone, 859f, 864f 
Parietal peritoneum 260f 
Parietal plema, 129f, 151 f—152f, 237f 
parts of, 164 

peripheral reíleetions of, 165-166 
Parotid duct calculus, 913, 1130b-1131b 
Parotid gland, 911-912, 110 2 
arterial supply, 912 
important relationships, 912 
innervation, 912 
tmnors, 913 
Parotid nodes, 920 
Pars interarticularis fraetmes, 83 
Patella, 541f, 586 
eartilage loss, 22f 
Patellar ligament, 593, 611 
Patent ductus arteriosus, 203 
Peetineal (Cooper’s) ligament, 283 
Peetineal line 

pelvie bone, 443f, 596f 
pubis, 444 

Peetineal line (spiral line), proximal femur, 5 5 5f 
Pectineus muscle, 594t, 596, 605f 
Peetoral (anterior) nodes, 748 
Peetoral region 
breast, 139-141 
muscles 

peetoralis major, 142-143 
peetoralis minor, 143 
subclavius, 143 

Peetoralis major muscle, 13 lf, 142-143, 692f, 695f, 
723t, 724, 727f 

Peetoralis minor muscle, 142f, 143, 723t, 725, 733, 
736f 

Pedieles, 57f 
lumbar, 67f 

of vertebrae, 62f, 99f, 108f 
Pelvie bone, 53f, 367, 441-444, 541f 

eomponents of, 443-444 
andinguinalligament: gap between 563 
lateral and medial views, 442f 
Pelvie eavity, 429, 430f 
continuous with abdominal eavity, 264f 
orientation of. 263f 
posterior projeetion of, 434 
straetmes erossing meters in, 435 
supportive functions of. 423-425 
Pelvie diaphragm 429, 454-456 
Pelvie extensions of prevertebral plexus, 492f-493f, 
494 

Pelvie floor, 429 

innervation from spinal eord levels S2 to S4, 

438 

muscles and faseia, interseetion at perineal body, 

439 

pelvie diaphragm 454-456 

perineal membrane and deep perineal pouch 

457-459 

Pelvie lnlet, 255, 259f, 263, 379f, 426, 430f, 435f, 
449f 

Pelvie kidney, 528b 
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Pelvie measurements in obstetries, 454b 
Pelvieoutlet, 428, 453 

Pelvie splanehnie nerves, 276f, 361, 363-364, 
487-488, 487f 
eontrol of ereetion, 438f 
Pelvie viseera 

sympathetie innervation, 44-45 
T2 MRI, 8f 

Pelvie walls, 426, 42 7f 
apertures in, 452-453 
ligaments, 450 
muscles, 450-451 
Pelvis. See also True pelvis 
arteries, 495-498 
internal iliae artery, 496-498 
median saeral artery, 498 
ovarian arteries, 498 
bones 

coccyx, 445 
pelvie bone, 441-444 
sacrum 444-445 
CT sean, llt 
faseia, 481, 482f 
fracture, 446b, 553b-554b 
gender differenees, 448 
joints 

lumbosacral 446 
pubic symphysis, 448 
saeroiliae, 446-447 
lymphaties, 501-502 
nerves 

related to bone, 437 
somatie plexuses, 486-492 
viseeral plexuses, 492-494 
orientation of, 434f, 448, 520 
palpable bony features, 520 
peritonemn, 481-485, 484f-485f 
relationship to 
abdomen, 263-264, 432 
baek, 62 

lower limb, 433, 545 
veins, 499-501 
viseera 

GI system 460-462 
reproductive system 470-481 
urinary system 462-468 
Penis, 467f-468f 
body of, 508 
bulb of. 525f-526f 
dorsal nerve of, 514f-515f, 515 
root of, 457f-458f 

Percutaneous eoronary intervention, 202 
Percutaneous transhepatie eholangiogram, 337f 
Perforating arteries 
of sole of foot, 657f 
of thigh 601f, 602 

Perforating cutaneous nerve, 486f, 491, 564t-565t, 
566, 580 

Perforation of tympanie membrane, 958b 
Perieardiaeophrenie vessels, 182f 
Perieardial branehes of thoraeie aorta, 225t 
Perieardial effusion, 184b 
Perieardial sae, 212f, 220f 
Periearditis, 184b 
Pericardium 13 8f 
fìbrous, 181-182 
nerves, 183 

perieardiaeophrenie vessels, 182f 
serous, 182-183 
Perieranial ring, 30f 
Perieranimn 923 
Perilymph, 965 
Perineal artery, 516, 517f 
Perineal body, 439, 459-460, 509f 
Perineal membrane, 429, 431f, 457-459, 502 
Perineal nerve, 515 
Perineum 

anal triangle, 504, 522 

arteries, 516, 517f 

borders and eeiling, 502, 503f 

communication with other regions, 432f-433f 

defining margins of, 520-522 

innervation by saeral spinal eord segments, 

436 


Perinemn (Continued) 

isehioanal fossae and reeesses, 504, 505f 
lymphaties, 519 

muscles and faseia, interseetion at perineal body, 

439 

nerves related to bone, 437 

orientation of, 520 

relationship to lower limb 545 

roots of external genitalia anehored in, 425 

somatie nerves, 513-515 

surface anatomy, 520 

triangular regions, 430 

urogenital triangle 

external genitalia, 510-512 
female, 523-524 
male, 524-525 

structures i n superfìcial perineal pouch 

506-510 

superfìcial faseia of, 512 
veins, 516-519 
viseeral nerves, 515 
Periorbita, 935-936 
Periosteal layer of dura mater, 8 73 
Periostemn 929f, 935f 
Peripheral nervous system (PNS), 32f 
autonomic division, 38 
enterie system, 47-48 
nerve plexuses, 48 
parasympathetie system, 45-46 
somatie plexuses, 48 
sympathetie system, 40-45 
viseeral plexuses, 48 
viseeral sensory and motor fìbers, 39 
Peripheral refleetions of parietal pleura, 

165-166 

Peripheral vascular disease, 603b 
Peritoneal eavity, 255, 25 5f—2 5 6f 
dialysis, 305-306 
ligaments, 309 
mesenteries, 309 
omenta, 307 
spread of disease, 306 
subdivisions, 304-309 
ventriculoperitoneal shunts, 305 
Peritoneal dialysis, 305-306 
Peritoneum, 47f, 288, 430f 
abdominal, innervation, 303 
pelvie, 481-485 
inmen, 485 
in women, 483 

Pes anserimis, 592f, 593, 595f 

Petromastoid partof temporal bone, 858 
Petrotympanie fìssure, 98lf 
Phalanges 

of foot. 633f, 637f, 638 
of hand, 69Of, 794f-795f, 795 

Pharyngeal braneh of maxillary artery, 999 
Pharyngeal nerve, 996 
Pharyngeal plexus, 1051 
Pharyngeal surfaceof tongue, 1096 
Pharyngeal tonsil 1046 
Pharyngobasilar faseia, 1045 
Pharyngotympanie tube, 954f, 966f, 1046-1048 
cartilaginous part, 1090 
innervation, 961 
vessels, 961 

Pharynx, 840f, 851-852, 1040-1052 
in anterior triangle of neek, 1017 
arteries, 1049 
faseia, 1043f, 1045 
laryngopharynx, 1048 
lymphaties, 1050 
nasopharynx, 1046-1048 
nerves, 1051-1052 
oropharynx, 1048 
pharyngeal wall 
gaps in 1046 
lateral 1042 
muscles, 1042-1045 
skeletal framework, 1041-1042 
tonsils, 1048 
veins, 1050 

Philtrmn, 1113f, 1114, 1125f 
Phonation, functionof larynx, 1064f, 1065 


Phrenie nerves, 161f, 214f, 218f, 221, 369f, 851f 
innervationof diaphragm, 138f 
in posterior triangle of neek, 1028 
inrootof neek, 1033-1036 
Piamater, 59f-60f, 103f, 104, 876f, 877, 886f 
Piriform aperture, 85 5f 
Piriform fossa, 1047f 

Piriformis muscle, 426, 427f, 451, 575t, 576, 605f 

nerve to, 491 
Pisiform bone, 778f, 793 
Pisohamate ligament, 778f 
Pituitary fossa, 1076f 
Pituitary gland, maeroadenoma, 113 5b 
Pivot joints, 20 
Pivot shift test, 614-615 
Plain radiography 

attenuation of X-rays, 5 
eontrast agents, 6 
interpretation of images, 10 
subtraction angiography, 6 
Plane joints, 20 
Planes 

anatemieal, 2-4 
of four-quadrant pattern, 277f 
LI (transpylorie), 271f 
of nine-region pattern, 278f, 328f 
Plantar aponeurosis, 648f, 649 
Plantar areh, 657f 

Plantar calcaneocuboid ligament, 644 
Plantar calcaneonavicular llgament, 641f, 
643-644, 648f 

Plantar interossei muscles, 656-657 
Plantarílexion, ankle, 539f 
Plaque, atheromatous, 885 
Platysma muscle, 904f, 910, 1000 
Pleura 

parietal, 129f, 151f-152f, 164-166 
types of 163 

viseeral, 129f, 151f-152f, 166 
Pleural eavities, 129f, 15 lf—152f 
hrngs, 167-178 
pleura, 163-167 
potential spaee of. 128 
surrounding lungs, 162 
visualizing, 236-238 
Pleural effusion, 167b 
Pleural reeesses, 166-167 
visualizing, 236-238 
Pneumonia, 249b 
Pneumothorax, 167b 
Pons, 879f-880f 

Popliteal artery, 617, 626-627, 673f 
aneurysm, 679b 
Popliteal fossa, 537, 583f 
popliteal artery and vein, 617 
roof of, 617 

tibial and eommon íìbular nerves, 617 
transitional area between thigh and leg, 

616-617 

visualizing eontents of, 666 
Popliteal nodes, 570f, 571 
Popliteal pulse, 671f 
Popliteal tendon, 607f-608f 
Popliteal vein 568f, 617 
Popliteus muscle, 623-624 
Portaeath 251 
Portaeaval anastomoses, 275 
Portal hypertension, 275 
Portal vein, 305f, 330f, 348f, 354-356 
Portosystemie anastomosis, 356-357 
Positions o f appendix, 32lf 
Positron emission tomography (PET), 9-10 
FDG, showing lung tmnor, 179f 
Posterior abdominal region 366-401 
lymphatie system 392-393 
nervous system in, 394 
posterior abdominal wall 
bones, 367-371 
muscles, 368 

sympathetie trunks and splanehnie nerves, 

394-401 

vasculature 

abdominal aorta, 387-389 
inferior vena eava, 390-391 
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Posterior abdominal region (Continued) 
viseera 

kidneys, 373-3 78 
suprarenal glands, 386-387 
ureters, 379-380 

Posterior auricular artery, 10121, 1013 
Posterior auricular muscle, 905t-906t 
Posterior auricular vein 926 
Posterior braneh o f obturator nerve, 604 
Posterior branehes of abdominal aorta 
inferior phrenie arteries, 388 
lmnbar arteries, 388-389 
median saeral artery, 389 
Posterior eardiae vein 204 

Posterior circumflex humeral artery, 720f, 721, 735 
Posterior commissure, 510f 

Posterior communicating artery, aneurysm 1133b 
Posterior eompartment of arm 693f, 750f 
trieeps braehii muscle, 755-756 
Posterior eompartment of forearm 693f, 771f 
arteries and veins, 791-792 
muscles 

deep layer, 788-790 
superfìcial layer, 785-788 
nerves, 792 

Posterior eompartment of leg, 544f 
arteries, 626-627 
muscles, 621-625 
nerves, 548f, 62 7-628 

Posterior eompartment of thigh 584, 589, 595f, 
598-599 

Posterior eord of braehial plexus, 739 
branehes of, 746, 747f 
Posterior eranial fossa, 8661 
boundaries, 868 
foramen magnum, 868 
grooves and foramina, 868-869 
Posterior erieoarytenoid muscle, 10611, 1062 
Posterior emeiate ligament, 607f, 612 
Posterior cutaneous nerve of arm, 746 
Posterior cutaneous nerve of thigh, 564t-565t, 

566, 580, 616f 

Posterior ethmoidal artery, 1084 
Posterior ethmoidal nerve, 946, 1085-1086 
Posterior fornix, 479f-480f, 523f-524f 
Posterior gluteal line, 55lf, 552 
Posterior inferior nasal nerves, 1086 
Posterior instability, tests for, 615 
Posterior intereostal arteries, lOOf-lOlf, 134f-135f, 
155-156, 225t 

Posterior interosseous artery, 783, 791 
Posterior labial nerve, 514f—515 f 
Posterior longitudinal ligament, 59f, 80f, 105f 
Posterior median sulcus, 100 
Posterior mediastinmn 128f 
azygos system of veins, 226-227 
boundaries of. 222 
esophagus, 222-224 
sympathetie tmnks, 229-230 
thoraeie aorta, 225 
thoraeie duct in 227-228 
Posterior meningeal artery, 875 
Posterior nasal spine, 1088 
Posterior (dorsal) position, 4 
Posterior radicular artery, 101 
Posterior ramus 

abdominal prevertebral plexus, 396f 
medial branehes of. 85f 
spinal nerve, 59f, 60 
Posterior saeroiliae ligament, 447 
Posterior scapular region, 716-721 
axillary nerve, 719 
bony landmarks and muscles of 819 
eiremnflex scapular artery. 721 
gateways 

quadrangular spaee, 718 
suprascapular foramen, 717-718 
triangular iníerval 719 
triangular spaee, 719 
infraspinatus muscle, 717 
long head of trieeps braehii muscle, 717 
posterior circumflex humeral artery, 721 
suprascapular artery, 720-721 
suprascapular nerve, 719 


Posterior scapular region (Continued) 
supraspinatus muscle, 717 
teres minor and teres major muscles, 717 
veins, 721 

Posterior serotal vein 518f 
Posterior spinal artery, lOOf-lOlf 
Posterior spinal vein 102f 
Posterior superior alveolar artery, 999, 1116 
Posterior superior alveolar nerve, 996, 1118 
Posterior superior iliae spine, 113f, 443f, 444, 

5 3 5f 

Posterior tibial artery, 626-627, 657-658 
Posterior tibial pulse, 671f 
Posterior tibiofìbular ligament, 620f 
Posterior tibiotalar part of medial ligament, 640 
Posterior triangle of neek, 854f, 1000 
borders of 1023 
how to outline, 1122 
muscles, 1024, 1025f 
nerves 

aeeessory nerve, 1027-1028 
braehial plexus, 1030 
eervieal plexus, 1028-1030 
roof andfloor of, 1023 
vessels 

external jugularvein, 1024-1026 
subclavian artery and branehes, 1026 
suprascapular artery, 1026-1027 
transverse eervieal artery, 1026-1027 
veins 1027 

Posterior trunk of internal iliae artery, 495f, 496 
Posterior vagal tmnk 224, 276f, 310 
Posterior view o f skull 
oeeipital bone, 859-860 
temporal bones, 860 

Posterior wall of axilla, 721f-722f, 728-730 
gateways in, 730-731 
latissimus dorsi rmisele, 728t, 730 
long head of trieeps braehii muscle, 728t, 730 
subscapularis muscle, 728t, 730 
teres major muscle, 728t, 730 
Posterior wall of inguinal eanal. 296 
Posterolateral sulcus, 100 
Postganglionie fìbers, 39, 42 
sympathetie, 944 
Posthepatie jaundice, 341 
Pre-aortie nodes, 392-393, 501f, 519f 
Pre-auricular nodes, 920, 1038f, 1039 
Predisposing faetors for osteoporosis, 17 
Preganglionie fìbers, 39, 41 

eranial nerve parasympathetie, 46 
parasympathetie, 361, 396 
saeral parasympathetie, 46 
sympathetie, 136, 361, 396 
Pregnaney, eetopie, 530b 
Prehepatie jaundice, 341 
Premolar teeth 1114, 1115f 
Prepatellar bursa, 609f 
Preprostatie part of urethra 467 
Prepuce 

of elitoris, 510f 
of penis, 51 lf 

Pretraeheal faseia of neek, 1002 
Pretraeheal spaee, 1003 
Prevertebral faseia of neek, 1001-1002 
Prevertebral ganglion, 60f 
Prevertebral nmseles, 1029t 
Prevertebral plexus, 40f, 45f, 49f, 60f, 276 
abdominal, 361, 362f, 395-396 
pelvie extensions of, 492f-493f, 494 
Prevertebral sympathetie ganglion, 47f 
Prineeps pollieis artery, 813 
Prineiple plane o f liver, 339 
Proeems muscle, 904f, 907-908 
Processus vaginalis. 269f-270f, 293f 
Profmida braehii artery, 718f, 720f, 756, 762f 
Prominenee of faeial eanaJ, 961, 964f 
Promontory, 445f-446f, 964f 
Pronation 

of elbowjoint, 764f 
of forearm 775-776 
Pronator quadratus muscle, 776, 781 
Pronator teres muscle, 776-779 
Proper palmar digital arteries, 812f 


Prostate gland, 473 
position of, 436 

Prostateetomy, and impotenee, 49 5b 
Prostatie faseia, 481, 482f 
Prostatie part of urethra, 468 
Prostatie plexus of veins, 482f, 5()()f, 518f 
Prostatie sinuses, 467f-^68f 
Prostatie utricle, 468 
Prosthesis, in knee replaeement, 23f 
Proteetive function 

of abdomen, 256, 257f 
of baek, 5 5 
of head, 841 
of thorax, 124 
Protraetion, of scapula, 687f 
Proximal end of fìbula, 588-589 
Proximal endof radius, 752 
Proximalendof tibia, 587-588 
Proximal end of ulna, 752 
Proximal femur, 554-556 
Proximal groupof tarsal bones, 634-637 
calcaneus, 636-637 
talus, 635-636 
Proximal humerus 

greater and lesser tubercles, 704-705 
surgical neek, 705 
Proximal position, 4 

Proximal seaphoid, avascular neerosis, 79 7b 
Psoas major muscle, 92f, 259f, 265f, 343f, 
368-369, 590t, 591 
abseessof 119b, 371b 
in relation to kidneys, 375f 
Psoas minor nmsele, 368-369 
Pterion, 112 5f 
fractures, 8 72 

Pterygoideanal. 9 3 3f, 993-994 
artery of. 999 
nerve of 997-998 

Pterygoid harmihis, 973f, 1041f, 1107f 
Pterygoid plexus, 991-992, 999f, 1116f 
Pterygoid proeess, 861-862 
Pterygomandibular raphe, 1042, 1107f 
Pterygomaxillary fìssure, 994 
Pterygopalatine fossa, 838, 992-999 
eontents, 994-999 

maxillary artery, 998-999 
maxillary nerve, 995-996 
nerve o f pterygoid eanal and pterygopalatine 
ganglion, 997-998 
veins, 999 
gateways, 994 

skeletal f'ramework, 993-994 
Pterygopalatine ganglion, 45f, 850f, 899t, 933f, 
997-998 
Pubic areh 453f 

Pubic symphysis, 281f, 367f, 428f, 447f, 448, 453f, 
521f, 573f 

Pubic tubercles, 134f-135f, 402f, 426f-428f, 442f, 
5 3 5f 

Pubis, 443f, 444, 553 
PubocervlcaI llgament 482f 
Pubococcygeus muscle, 429f, 45 5f, 456 
Pubofemoral ligament, 560 
Puboprostatic ligaments, 464 
Puborectalis muscle, 429f, 455f, 456, 461f 
Pubovesical ligaments, 464 
Pudendal arteries, 324f 

Pudendal nerve, 437, 486f, 491, 513-515, 580 
Pulled elbow, 766b 
Pulmonary arteries, 174, 175f, 183f 
Puhnonary plexuses, 176f 
Pulmonary trunk, 186f, 208f’ 209-210 
Pulmonary valve, 193, 194f 
auscultation position for, 236f 
Pulmonary veins, 174, 175f, 183f, 195f, 216f 
Pulse points 

in head and neek, 1128 
jugular venous pulse, 1013b 
inlower limb, 671 
i n upper limb 827 
Puncta, 932f, 1127 
Pupillary (light) reflex, 901 
Purkinje fibers, 206 
Pylorie antrmn, endoseopy, 317f 
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Pylorie oriíìee, 271 f, 31 lf 
Pyramid in renal medulla, 377f 
Pyramidal eminenee, 9 54f 
Pyramidal proeess of palatine bone, 1081f 
Pyramidalis muscle, 287 


Q 

Ouadrangular membrane, 1058 
Quadrangular spaee, 716f, 718, 729f, 730 
Ouadrangular spaee syndrome, 720b 
Quadrate lobeof liver, 330f, 331 
Quadrate tubercle, 574f 
Quadratus femoris muscle, 5 75t, 577 
nerve to, 564t-565t, 566, 580 
Ouadratus lumborum muscle, 92f, 105f, 259f, 368t, 
369 

Ouadratus plantae muscle, 653-654 
Quadriceps femoris muscle, 592, 665f 


R 

Radial artery, 757f-758f, 782-783, 792, 811f, 
812-814 

deep palmar areh 805f 
transeetion of. 783b 
Radial eollateral ligament, 766 
Radial fossa, hmnera1. 752 
Radial nerve 
in arm, 760f, 761, 762f 
braneh of posterior eord, 746 
in cubital fossa, 785 
indistal arm 822 
inhand, 699, 818f 
innervation of upperlimb 696f, 698f 
in posterior eompartment of forearm 791 f, 
792 

superfìcial and deep branehes of, 770 
Radial pulse, 801, 827, 828f 

Radial recurrent artery, 782-783 
Radionuclides, in PET, 9-10 
Radioulnar joint, distal 774-776 
Radius, 690f 
fractures, 774b 
of head, 768b 
proximal end of. 752 
shaft and distalendof. 772f, 773-774 
Raphe of penis, 512 
Reetal ampulla, 460 
Rectouterine pouch (of Douglas), 483, 
484f-485f 

Reetovaginal septum, 481, 482f 
Reetovesieal pouch 484f-485f, 485 
Reetovesieal septum 481 
Rectum, 319f-320f, 324, 423-425, 460 
eareinoma, 462b 
structures anterior to, 436 
veins assoeiated with, 500f 
Rectus abdominis muscle, 259f, 286-287, 292f 
Rectus eapitis anterior muscle, 1029t 
Rectus eapitis lateralis muscle, 10291 
Rectus eapitis posterior major muscle, 981 
Rectus eapitis posterior minor muscle, 96f, 981 
Rectus femoris muscle, 590t, 593 
Rectus muscles 

eheek ligaments of, 936 
medial and lateral, 939-940 
superior and inferior, 938-939 
Rectus sheath, 287 

Recurrent braneh of median nerve, 817f, 826f 
Recurrent interosseous artery, 791 
Recurrent laryngeal nerves, 1020, 102 lf, 1034, 
1069 

Recurrent meningeal nerves, 103f 
Red marrow, 15f 
Referred pain, 48b, 50f 
of eholeeystitis, 341 
from gut, 408 
from heart, 209, 244 
pathways, 397t 

related to perieardial problem 183 
Reíleetions o f serous pericardium, 18 3 f 


Reflexes 

eranial nerve, 901 
eremasterie, 299b 
tendon, 547, 696 
Regional approaeh to anatomy, 2 
Renal arteries, 378, 388t 
Renal eell tumors, 381, 418 
Renal cortex, 377 
Renal veins, 378, 390f 
Reproductive traets 

eontained in pelvis, 423-425, 424f 
female, 475-481 
male, 470-473 

Reseetion, abdominoperineal 415b-416b 
Respiration, function of larynx, 1064-1065 
Respiratory region o f nasal eavity, 1071 
Respiratory traet, separation from digestive traet, 

851-854 

Restrietive procedures, for morbid obesity, 365 
Retina, 94 7f 
layers of, 952f 
optie part. 951 
Retraetion, of scapula, 68 7f 
Retromammary spaee, 140f 
Retromandibular vein, 912, 1050f, 1116f 
Retromolar triangle, 1091f 
Retroperitoneal abdominal viseera, 260, 261f, 288 
Retroperitoneal lymph node surgery, 393b 
Retropharyngeal nodes, 1050f 
Retropharyngeal spaee, 1002f, 1003 
Rhomboid major muscle, 58f, 86f-88f, 89-90, 

116f—117f, 692f, 715-716 
Rhomboid minor muscle, 58f, 86f-88f, 89-90, 

116f—117f, 692f, 715-716 

Ribs 

articulation with thoraeie vertebrae, 125, 144 
atypieal, 146f 

bucket handle movement of, 16 3 f 

eervieal, 150b, 24lb 
eostal eartilages, 124, 144 
eostal margin, 145f 
counting, 231 
fractures, 152b 

and arterial trauma, 73 7 
fused eostal element, 64f 
in inspiration, 13 7f 
joint with head of. 148-149 
in posterior abdominal area, 367 
typieal 145f 
upper a n d lower, 146 

Right atrimn, 133f, 185f, 187f, 191-192, 273f 

Right braehioeephalie vein. 211f, 213, 219f, 1037f 
Right bundle braneh, 206, 207f 
Right eolie artery, 350, 352f 
Right eolie vein, 354f 
Right eommon earotid artery, 1010 
Right eoronary artery, 198, 200f 
Right hepatie artery, 332f 
Right kidney, 374 
Right lung, 169 
apexof. 126f, 129 f 
bronchopulmonary segments, 173f 
major structures related to, 170f 
Right main bronchus, 129f 
Right phrenie nerve, 221 
Right pleural eavity, 129f 
Right pulmonary artery, 174 
Right recurrent laryngeal nerve, 208f 
Right subclavian artery, 1031 
Right superior intereostal vein 15 7f 
Right-to-left shunt, 203 
Right vagus nerve, 219 
Right ventriele, 186f-187f, 192, 193f, 207f 
Rima glottidis, 1059-1061 
Rima vestibuli, 1059-1061 
Risorius muscle, 904f, 909 
Rods. 951 

Roof of eranial eavity, 864-865 
Roof of infratemporal fossa, 981 
Roof of inguinal eanal 296 
Roof of nasal eavity, 1070f, 1077 
Roof o f oral eavity 
arteries, 1110-1111 
hard palate, 1105-1106 


Roof of oral eavity (Continued) 
innervation, 1112-1113 
lymphaties, 1112 
soft palate, 1106-1110 
veins, 1112 
Roof of orbil. 927 
Roof of popliteal fossa, 617 
Rootof elitoris, 507 
Rootof lung, 167-169, 168f 
Root of mesentery, 309f 
Root of neek, 1030-1039 
lymphaties, thoraeie duct, 1036-1037 
phrenie nerves, 1033-1036 
recurrent laryngeal nerves, 1034 
subclavian arteries, 1031-1033 
eostoeervieal trunk, 1032-1033 
internal thoraeie artery, 1032 
thyroeervieal tmnk, 1032 
vertebral artery, 1032 
sympathetie nervous system 1034—1036 
eervieal part of sympathetie trunk, 

1036 

ganglia, 1036 
vagus nerve, 1034 
veins, 1033 

Roots of braehial plexus, 738f, 739 
branehes of, 740-741 
Roots of eiliary ganglion 
parasympathetie, 946 
sensory, 946 
sympathetie, 946-947 
Roots of external genitalia, 425f, 431f 
penis, 457f-458f 

Roots related to maxillary sinus, 1115f 
Rostral position, 4 
Rotation 
of baek, 55f 
of hip 558f 
of scapula, 687f 
Rotator cuff muscles, 692f 
disorders of, 712b 
Rotator cuff tendons, 709-710 
Rotator muscles, 543f 
Rotatores eervieis muscle, 97t 
Rotatores lmnbormn muscle, 9 71 
Rotatores muscles, 95 
Rotatores thoraeis muscle, 96f, 97t 
Round ligament 
of liver, 275 

of uterus, 269f-270f, 294, 297, 403f, 483, 
484f-485f 

Round window, 954f, 966f, 97lf 
Rupture 

of Aehilles (ealeaneal) tendon, 623b, 678b 

of bieeps tendon. 755b 

of diaphragm 410b 

esophageal 225b 

of spleen, 342 

urethral 512b 


s 

Saeeiform reeess of synovial membrane, 765f 
Saccule, 9 6 6f-9 6 7f 
laryngeal 1059, 1063f 

in membranous labyrinth 968 
Saeral/eoeeygeal curvature, 54f, 112f 
Saeral dimple, 114f 
Saeral foramina, 69f-71f 
anterior, 451f 
Saeral ganglia, 359f 
Saeral hiatus, 445f 
Saeral nerves, 109 
Saeral plexus, 49f, 487-492 

innervation of lower limb 545-548 
obturator nerve, 492 
pudendal nerve, 491 
seiatie nerve, 488-491 
superior and inferior gluteal nerves, 491 
Saeral preganglionie parasympathetie íìbers, 46 
Saeral region of baek, 61f 
Saeral spinal eord segments, innervation of 
perineum, 436 
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Saeral splanehnie nerves, 49f, 361, 488f, 
492f-493f 
Saeral tumor, 12 Ob 
Saeroiliae joint, 426f, 446-447, 535f 
problems with. 448b 

Sacrospinous ligament, 426, 427f, 432f-433f, 450, 
505f, 574f 

Sacrotuberous ligament, 426, 427f-428f, 
432f-433f, 450, 505f, 574f 
Saemrn 56f, 64f, 66, 72, 367, 428f, 444-445, 
535f 

Saddle joints, 20 
Safety in imaging, 11 
Sagittal plane, 3f 
Salivary glands 

parasympathetie innervation, 1104-1105 
parotid gland, 1102 
sublingual glands, 1103-1104 
submandibular glands, 1103 
vessels, 1104 

Salpingopharyngeal fold, 1048 
Salpingopharyngeus muscle, 1044f, 1045 
Saphenous nerve, 604, 662 
Saphenous opening, 572 
Saphenous ring, 572f 
Sartorius muscle, 590t, 592f, 593 
Seala tympaní. 966f, 967, 968f, 971f 
Seala vestibuli 966f, 971f 
Sealene muscles, 721f-722f, 1024t 
Sealp 839f 

arteries, 925-926 
innervation, 924-925 
layers, 922-923 
lymphatie drainage, 926-927 
meninges and, 890f 
veins, 926 
Seanner, CT, 7f 
Seaphoid bone, 793 
fracture, 79 7b 
Seaphoid fossa, 862f 

Scapula, 53f, 690f, 702-704. See also Posterior 
scapular region 
movements of, 68 7f 
spine of, 85f, 113f 
winged, 72 7b, 829b 
Searpa’s faseia, 280-282, 281f, 288f 
Seiatie nerve, 486f-487f, 488-491, 565, 579-580, 
605-606 
avoidanee of. 663 
eompression, 528b 
Seiatiea, 118b 
Selera, 949 

Seleral venous sinus, 947f 
Selerotome, 67f 
Seoliosis, 75b 

Scrotum 281f, 471f-472f, 511f 

Sebaceous gland, of eyelash 928f 
Seeond braneh of areh of aorta, 216 
Seeond layer o f sole muscles 
lumbrical muscles, 654 
quadratus plantae rmisele, 653-654 
Seeond perforating artery, 601f 
Seeond rib 126f, 146 
Seeretomotor innervation 
of laerimal gland, 933 
of salivary gland. 1104f 
Seeretory glands, of breast, 13lf 
Segmental medullary arteries, lOOf-lOlf 
Segmental muscles of baek, 9 7 
Segmental spinal artery, lOOf-lOlf 
Sella turcica, 867 
Semicircular eanals, 965f, 966 
Semihinar cusps, 193 
aortie valve, 196f 
pulmonary valve, 194f 
Semilunar hiatus, 1078 
Semimembranosus muscle, 5981, 599, 673f 
Seminal colliculus, 467f-468f 
Seminal vesiele, 471f-472f, 473 
Seminiferous tubule, 471f-472f 
Semispinalis eapitis muscle, 9 7 
Semispinalis muscles, 95 
Semispinalis thoraeis muscle, 96f 
Semitendinosus muscle, 598 


Sensory innervation 
of auricle, 954f 

of external acoustic meatus, 956 
of eyelids, 931 
of faee, 1126 

maxillary nerve, 915 
ophthalmie nerve, 914-915 
o f laerimal gland, 933 
o f oral eavity, 1088 
of tongue, llOOf 

Sensory reeeptorsforbalanee, 968 
Sensory root of eiliary ganglion, 946 
Septal eartilage, 1076f 
Septomarginal trabecula, 192 
Septumof tongue, 1097f 
Serous pericardium 182-183 
Serratus anterior muscle, 726-727 
Serratus posterior inferior muscle, 58f, 90, 91t 
Serratus posterior superior muscle, 58f, 90, 

91t 

Sesamoid bones, 13, 633f, 805f 
Shapes of synovial joints, 19 
Short bones, 13 

Short gastrie arteries, 310f’ 339f 
Short gastrie veins, 355 
Shoulder 

arterial anastomoses around, 720f 
bones, 690-691 
elaviele, 702 

proximal humerus, 704-705 
scapula, 702-704 
disloeation, 834b 
joints 

acromioclavicular joint, 706 
glenohumeral joint, 707-710 
sternoclavicular joìnt. 705-706 
rmiseles, 692, 713-716 
deltoid, 714 

levator scapulae, 714-715 
rhomboid minor and major, 715-716 
trapezius, 714 

problems after falling on hand, 829b 
superior view, 685f 
Shunts 

left-to-right venous, 132, 133f, 273-274 
portosystemie, 415f 
right-to-left, 203 
ventrknloperi tooeal. 305 
Sigmoid arteries, 350 
Sigmoid eolon, 319f-320f, 323 
Sigmoid mesoeolon, 309 
Sigmoid sinuses, 888 
Simiatrial nodal braneh 198, 200f-201f 
Sinuatrial node, 206 
Skeletal framework of baek 
intervertebral foramina, 72-73 
posterior spaees between vertebral arehes, 

73 

vertebrae, 64-72 
Skeletal framework of oral eavity 

cartilaginous part of pharyngotympanie tube, 

1090 

hyoid bone, 1091 
mandible 1090-1091 
maxillae, 1088 
palatine bones, 1088 
sphenoid bone, 1088-1090 
temporal bone, 1090 
Skeletal framework o f thoraeie wall 
joints, 148-150 
ribs, 144-146 
sternum 147-148 
thoraeie vertebrae, 143-144 
Skeletal muscle, 2 5 
Skeletal system 
bone, 13 
eartilage, 12 

determination of skeletal age, 14b 
joints, 18-21 
Skeleton 
axìal. 12f 
eardiae, 197-198 
faeial, visible part, 858 
Skene’s glands, 466, 511 


Skin 

of eyelids, 928 
layers of. 24 

of lower limbs, innervation by peripheral nerves, 

549f 

outer layer of sealp, 922 
Skull 53f, 842 

anterior view, 855-857 
frontal bone, 856 
mandible, 856-857 
maxillae, 856 

zygomatie and nasal bones, 856 
base 

features related to oral eavity, 1089f 
line of attaehment of pharynx to, 1041f 
external foramina, 856t 
fracture of skull vault 872b 
inferior view, 860-864, 862f 
anterior part, 861 
middle part. 861-863 
posterior pLirt, 863-864 
internal foramina, 866t 
lateral view, 857-859 
lateral portion of ealvaria, 858 
mandible, 859 

visible part of faeial skeleton, 858 
posterior view 

oeeipital bone, 859-860 
temporal bones, 860 
subdivisions, 855 
superior view, 860 
trigeminal nerve leaving, 914f 
Small eardiae vein 189f, 204, 205f 
Small intestine, 304f 
duodenum 312-313 
ileum 314-315 
jejunum 313-314 
Small reetovesieal fold 484f-485f 
Small saphenous vein, 550, 568, 616f, 659, 666f, 
670f 

Smooth muscle, 2 5 

Soft palate, 846, 852f-853f, 1069f, 1077f 
Soft tissue injury, to knee, 613b 
Sole of foot muscles, 651-657 
íìrst layer, 6 5 2-6 5 3 
fourth layer, 6 5 6-6 5 7 
seeond layer, 653-654 
third layer, 654-655 
Soleal line, 619f, 623f 
Solid joints, 21 f 

cartilaginous, 20-21 
fibrous, 20 

Somatie motor nerve fìber, 107f 
Somatie nerves of perineum, 513-515 
Somatie partof nervous system 33-34 
Somatie plexuses, 48, 49f 

saeral and eoeeygeal, 486-492 
vìseeral, 492-494 
Somite differentiation, 33f 
Somites, 54f, 66-68, 67f 
Sound, transmissionof. 971 
Spermatie eord, 269, 295f, 296-297, 403f, 
471f-472f 
Sphenoid bone, 861 

i n bony framework o f infratemporal and temporal 
fossae, 974 

fìssures and foramina, 867-868 
in formation of pterygopalatine fossa, 

993-994 

greater wing, 862-863, 934f 
infratemporal erest. 978f 
lesserwings, 866-867 
in oral eavity, 1088-1090 
sella turcica, 867 

Sphenoidal sinus, 1074f-1075f, 1076 

Sphenomandibular ligament, 981-982 
Sphenopalatine artery, 999, 1083 
Sphenopalatine foramen, 992f, 1082, 1085f 
Sphineter pupillae muscle, 950 
Sphineter urethrovaginalis, 459t 
Sphineters 

external anal. 439f, 503f’ 504 
external arelfirdl. 459. 468, 473f 
internal iirethraf 467 
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Sphineters (Continued) 
of Oddi, 335 
pylorie, 31 lf 
Spigelian hernia, 302 
Spina bifìda, 74b 
Spinaleord, 32, 59f 
arteries, 100-102 
enlargements in 99 
inferiorendof. 115-116 
levels S2 to S4, innervation from, 438 
meninges, 103-104 
short, and long vertebral column 62 
spinal nerves, 106-109 
nomenclature of, 109 
i n vertebral eanal 10 8 f 
veins, 102 

vertebral eanal, structures in 104, 105f 
Spinal fusion , 84 
Spinal ganglion, 59f, 62f, 108f 
Spinal nerves, 60, 62f, 151f-152f 
and intervertebral foramina, 63 
nomenclature of, 109 
organization of, 107f 
posterior and anterior roots 106 
thoraeie, 39f, 229f 
in vertebral eanal. 108f 
Spinalis eapitis, 9 5t 
Spinalis eervieis, 95t 
Spinalis thoraeis, 94f, 951 
Spineof scapula, 85f, 113f, 692f 
Spinotransversales muscles, 92, 931 
Spinous proeess, 57f, 59f, 65f, 67f 
of CVII, 85f, 94f 
of Tl, 685f 
vertebral, 114-115 
Spiral ganglion, 967f 
Spiral ligament, 968f 
Spiral organ, 969, 971f 
Splanehnie nerves, 44-45, 369f 
lumbar andsaeral, 361 
pelvie, 361, 363-364, 438f 
posterior abdominal region 394-401 
thoraeie, 359-361 
Splanehnie plexus, 49f 
Spleen, 305f, 338 
enlargement of. 342 
in relation to kidneys, 374f 
rupture of. 342 
surface projeetion of, 409 
Splenie artery, 310f, 339f, 345f, 346 
Splenie ílexure, 319f, 323f 
Splenie vein, 354f, 355 
Splenhis eapitis muscle, 92, 93t, 1024t 
Splenius eervieis muscle, 92, 931 
Splenius muscle, 58f 
Splenomegaly, 342 
Splenorenal ligament, 338f 
Spongy urethra, 468 
Sportsmen’s groin, 302 
Spring ligament, 642 
Squamous part of oeeipital bone, 869 
Squamous partof temporal bone, 858, 862f 
Staging of tumor, breast eaneer, 141 
Stapedius muscle, 963 
nerve to 969-971 
Stapedius tendon, 962f 
Stapes, 958f, 961f-962f, 971f 
Stenosis, internal earotid artery, 872f, 1132b 
Stents 

abdominal aortie graft, 389b 
double J, 383f 
portosystemie shunt, 415f 
Sternal angle, 128f, 231, 23lf 
Sternoclavicular joinl. 231f, 705-706 
disloeation of, 711 b 

Sternoeleidomastoid muscle, 854f, 1016f, 1023f, 
1024t, 1102f 

Sternoeostal joints, 149-150 
Sternohyoid muscle, 849f, 1009 
Sternothyroid muscle, 1010 
Sternmn, 123 f 
body of, 147 

eolleetion of bone marrovv from 152b 
in inspiration, 13 7f 


Sternum (Continued) 

manubrium of, 123f, 124, 126f, 147 
xiphoid proeess, 148 
Stomaeh, 308f 

and abdominal esophagus, epithelia transition 
between, 315b 
eareinoma, 318b 
curvatures of. 311 
regions of, 310 
sympathetie innervation, 364 
Straight sinus, 888 
Strains, muscle, 26b 
Stroke, 883b 
Stye, 930 

Styloglossus muscle, 1099 
Stylohyoid ligament, 845f 
Stylohyoid muscle, 1008 
Styloid proeess, 862f, 973f, 1043f 
of temporal bone, 1089f 
Stylomastoid foramen, 870f, 970f 
lesions around, 921 

Stylopharyngeus muscle, 1043f-1044f, 1045 
Subacromial bursa, inílanmiation of, 713b 
Subarachnoid hemorrhage, 892 
Subarachnoid spaee, 59f-60f, 62f, 103-104, 876f, 
877, 886f 

inferior end of, 115-116 
Subclavian artery, lOOf-lOlf, 126f, 130f, 
134f-135f, 211f 
and branehes 

in posterior triangle of neek, 1026 
inrootof neek, 1031-1033 
Subclavian pineh-off syndrome, 73 7b 
Subclavian tmnks, 30f, 158f, 228, 392t, 1037 
Subclavian vein 126f, 130f, 171f, 211f 
in pharynx, 1050f 
in posterior triangle of neek, 1027 
in root of neek, 1033 

Subclavius muscle, 142f, 143, 723t, 724-725 

Subcostal artery, 225t 
Subcostal nerve, 399f 
Subcostal planes, 278f, 404f, 406f 
Subcostales muscles, 15 3t, 154 
Subcutaneous tissue, of eyelids, 928 
Subdural hematoma, 892 
Subdural spaee, 877 
Sublingual glands, 1103-1104 
Submandibular duct, 1103f 
Submandibular ganglion, 45f, 8991 
Submandibular gland, 988f, 1103 
Submandibular nodes, 920, 926f, 1038f, 1039, 
1117f 

Submandibular triangle, 1006, 1022t 
Submental nodes, 920, 926f, 1038f, 1039, 

1117f 

Submental triangle, 1006, 1022t 
Submucosal plexus, 364f 
Suboccipital muscles, 58f, 97-99 
Suboccipital triangle, 98 
Subphrenic reeess, 328, 329f 
Subpopliteal reeess, 609 
Subscapular artery, 735 
Subscapular fossa, 703f, 704 
Subscapular (posterior) nodes, 749 
Subscapularis muscle, 692f, 728t, 730 
subtendinous bursa oí. 708, 709f 
Subtalar joint 542f, 641f, 642 
Subtraction angiography, 6 
Sulcus tali 63 5f 
Sulcus terminalis 18 5f 
Superciliary areh 8 5 5f 
Superíìcial, anatomieal loeation, 4 
Superfìcial braneh of radial nerve, 818 
Superfìcial branehes of eervieal plexus, 1030 
Superfìcial eardiae plexus, 208f 
Superfìcial eervieal lymph nodes, 1039 
Superfìcial faseia, 24 
of abdominal wall, 280-282 
of urogenital triangle, 512, 513f 
Superfìcial fìbular nerve, 630, 662 
Superfìcial group of baek muscles, 84-90 
latissimus dorsi muscle, 8 5f—8 7f, 89 
levator scapulae muscle, 88f, 89 
nerveinjuries affeeting, 99b 


Superficial group of baek muscles (Continued) 
rhomboid minor and rhomboid major muscles, 

89-90 

trapezius muscle, 8 5f—8 7f, 87 
Superficial group of gluteal muscles, 574 
gluteus maximus muscle, 575t, 578 
gluteus medius muscle, 575t, 577 
gluteus minimus muscle, 575t, 577 
tensor faseiae latae muscle, 575t, 578-579 
Superficial group of leg muscles 
gastrocnemius muscle, 621 
plantaris muscle, 621 
soleus muscle, 621-623 
Superficial inguinal nodes, 519f, 570 
Superfìcial inguinal ring, 269f-270f, 295, 300f, 
403-404, 476f 

Superficial layer of forearm muscles, 778f 
anterior eompartment, 777-779 
posterior eompartment 785-788 
Superficial palmar areh 81 lf 
ulnar artery and, 812 
visualizing, 827 

Superfìcial perineal pouch structures 
ereetile tissues, 506-508 
elitoris, 507-508 
ereetion, 508 
penis, 508 

greater vestibular glands, 508 
muscles 

bulbospongiosus, 508-510 
ischiocavernosus, 508 
superfìcial transverse perineal 510 
Superficial temporal artery, 1012t, 1013 
Superficial temporal vein 926 
Superfìcial transverse perineal muscle, 439f, 509t, 
510 

Superficial veins 
of lower limb 670 
of neek, 1003f 
of upper limb 700 

Superior auricular muscle, 904f, 905t-906t 
Superior eervieal ganglion, 1036 
Superior eonstrietor muscles of pharynx, 

1043-1044 

Superior epigastrie artery, 155f, 156, 291f-292f, 
369f 

Superior gluteal artery, 496, 56lf, 566-568, 582 
Superior ghiteal nerve, 486f, 491, 564t-565t, 

579 

Superior glutealvein 568f 

Superior hypogastrie plexus, 361, 395f, 492f-493f 
Superior labial artery, 1084 
Superior laryngeal artery, 1066 
Superior laryngeal nerves, 1068 
Superior laryngeal veins, 1067 
Superior longitudinal muscle, 1096t 
Superior medial genicular artery, 613f 
Superior mediastinum 128f 
areh of aorta and branehes, 215-216 
boundaries of. 210 
esophagus, 218 
left braehioeephalie vein, 213 
left superior intereostal vein 214 
ligamentum arteriosmn 216 
nerves of 218-2 21 
right braehioeephalie vein, 213 
superior vena eava, 215 
thoraeie duct in, 222 
thymus, 210-212 
traehea, 218 

visualizing structures in 234 
Superior mesenterie artery, 266f-267f, 271, 272f, 
313f, 321f, 343f, 351, 358 
ileoeolie artery, 350 

inferior pancreaticoduodenal artery, 348 
jejunalandileal arteries, 349-350 
middle eolie artery, 350 
right eolie artery, 350 
Superior mesenterie ganglion, 397f 
Superior mesenterie vein 333f, 354f, 355-356 
Superior nuchal line, 715f, 839f 
Superior oblique muscle, 940 
Superior ophthalmie vein 942 
Superior orbital fissure, 934 
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Superior pancreaticoduodenal arteries, 310f, 313, 
336, 348f 

Superior partof duodenum, 312 

Superior petrosal sinuses, 889 

Superior phrenie arteries, 225t 

Superior position, 4 

Superior pubic ligament, 448 

Superior pubic ramus, 444 

Superior reetal artery, 350 

Superior reetal vein 500f 

Superior rectus muscle, 938-939 

Superior sagittal sinus, 888 

Superior subscapular nerve, 746 

Superior thoraeie aperture, 126, 130f, 847f, 854f 

Superior thoraeie artery, 734 

Superior thyroid artery, 1012t, 1013, 1015f, 1019 

Superior vena eava, 133f, 170f, 18 3f, 186f, 215 

Superior vesieal artery, 4 96 

Superior view of sktill. 856t, 860 

Supination 

of elbow joint 764f 
of forearm 775-776 
Supinator erest, 752, 753f-754f 
Supinator muscle, 776, 788-790 
Support function 
of baek, 54 
of lower limb 537 

Supraclavicular nerves, 134f-135f, 1027f, 1030 
Supracristal plane, 404f, 406f 
Supraduodenal artery, 313f 
Supraglenoid tubercle, 703f 
Suprahyoid nmseles, 1007-1008 
digastrie muscle, 1008 
geniohyoid muscle, 1008 
mylohyoid muscle, 1008 
stylohyoid muscle, 1008 
Supramastoid erest, 972f, 973 
Supraorbital artery, 925f, 930f, 941 
Supraorbital nerve, 945 
Supraorbital vein 925f, 930f 
Suprapatellar bursa, 609 
Suprapleural membrane, 164-165 
Suprarenal glands, 366f, 374f, 386-387 
vasculature, 387 

Suprascapular artery, 720-721, 1026-1027, 1032 

Suprascapular foramen, 717-718, 729f 
Suprascapular nerve 719, 742, 1030 
Suprascapular noteh 704, 706f, 716f 
Supraspinatus muscle, 692f, 717 
Supraspinatus tendon, torn, 712f, 832b 
Supraspinous ligament, 81-82 
Suprasternal noteh 147f 
Supratrochlear artery, 942 
Supratrochlear nerve, 945 
Supreme intereostal artery, 155f, 1031f, 1033 
Sural communicating nerve, 630 
Sural nerve, 627f, 628, 662 
Surfaces of heart, 184f, 187 
Surfaces o f lung, 167, 168f 
Surfaces of tibia and fibula, 619f 
Surfer’s ear, 958b 

Surgical ineisions of abdomen, 278b 
Surgical neek of proximal humerus, 705 
Surgical procedures for obesity, 365b 
Surgically induced Horner’s syndrome, 931 
Suspensory ligament 
of elitoris, 509f 
of eyeball, 936 
of ovary, 476f, 483 
of penis, 508 

Sustentaculum tali, 636, 639f, 643f 
Sutures, 20, 842f-843f, 85 7f 
Swallowing, laryngeal function, 1064f, 1065 
Swimmer’s ear, 9 5 7 b 

Sympathetie fibers, prevertebral plexus, 494 
Sympathetie ganglion, 60f, 229f 
Sympathetie innervation 
of heart, 209 
of laerimal gland, 933 
o f nasal eavities, 1086 
of stomaeh, 364 

Sympathetie nervous system, in root of neek, 

1034-1036 

1158 Sympathetie root of eiliary ganglion, 946-947 


Sympathetie system 40-45, 136 
Sympathetie trunks, 13 6f, 17 6f 
eervieal part. 1036 
in pelvis, 488f 

posterior abdominal region, 394-401 
splanehnie nerves, 359 
thoraeie portion, 229-230 
Symphyses, 21 

between vertebral bodies, 78 
Synehondroses, 21 
Syndesmoses, 2 0 
Synovial joints 

eharaeteristie features, 18 

deseriptions based on shape and movement, 19 

diseases of, 80b 

elbowjoint, 765f 

knee joint, 606-613 

speeifìe types of. 20 

steraoeostal, I49f 
Synovial membrane, 19f 
of glenohmneral joint 708 
of hip joint, 559f 
of knee joint, 609-610 
Synovial sheaths 
of fotiL 65 lf 
of hand, 80 lf 

Systemie approaeh t o anatomy, 2 


T 

Taeniae eoli 319f-320f 
Talocalcaneonavicular joìnt. 642-644 
Talonavicular ligament, 642, 643f 
Talus, 542f, 635-636 
fracture, 638b 
Tarsal arteries, 658 
Tarsal bones, 633f 
distal group 63 7 
navicular, 63 7 
proximal group, 634-637 
Tarsal glands, 930 
Tarsal sinus, 637f 
Tarsal tumie], 646f, 667 
Tarsometatarsal joints, 644-645 
Tarsus, 9 2 8f, 929-930 
Tears 

anterior emeiate ligament, 675f 
anterior talofibular ligament, 680b 
muscle, 26f 

lower limb, 599b 
supraspinatus tendon, 832b 
tibial eollateral ligament, 674f 
Teetorial membrane, 69f-71f, 80 
Teeth 1114-1119 

arterial supply, 1116-1117 
innervation, 1118-1119 
Tegmental wall o f middle ear, 959 
Teleneephalon, 879 
Temporal bone 

in bony framework of infratemporal and temporal 
fossae, 973-974 
faeial nerve in, 969-971 
inferior view of skull, 863 
lateral view o f skull 858 
middle eranial fossa, 868 
in oral eavity, 1090 
petrous part, 1041f 
posterior view of skull, 860 
styloid proeess, 1089f 
Temporal fossa, 972-992 
bony framework 
maxilla, 974 
ramus of mandible, 975 
sphenoid bone, 974 
temporal bone, 973-974 
zygomatie bone, 974-975 
laterally limited by temporal faseia, 978 
masseter muscle, 977-978 
temporomandibular joints, 975-977 
Temporal fossa: eontents 
deep temporal arteries, 980 
deep temporal nerves, 980 
middle temporal artery, 980-981 


Temporal fossa: eontents (Continued) 
temporalis muscle, 979-980 
zygomatieotemporal nerve, 980 
Temporal pulse, 1128 
Temporalis muscle, 977t, 979-980 
Temporomandibular joints, 975-977 
extracapsular ligaments, 976 
joint capsule, 976 
movements of mandible, 976-977 
Tendinous arehes, 454 
of diaphragm 370 
Tendon reflexes, 547, 696 
Tendons 18-19 

around ankle and in foot, 668-669 
in distal forearm 824-825 
of wrist, 798 
Tennis elbow, 768b 
Tenosynovitis, 802b 

Tensor faseiae latae muscle, 571, 575t, 578-579, 
665f 

Tensor tympani muscle, 962f, 963 
Tensor veli palatini muscle, 981f, 1106-1108, 
1107f 

Tenthrib 146, 231f 
Tentorimn etTebel I ì, 874 

Teres major muscle, 692f, 709f, 717, 727f, 730, 
819f 

Teres minor muscle, 692f, 709f, 717, 819f 
Terminal part of internal pudendal artery, 516 
Testes 470, 525f-526f 
deseent, 293f 

Testicular arteries, 269f-270f, 379f, 388t, 390f, 
516 

Testicular tumors, 470b 
Testicular veins, 269f-270f 
Thalamus, 880f 
Thenar eminenee, 69 3f, 825f 
Thenar muscles, 806f, 808t, 809-810 
Thigh 536f, 583-602. See also Knee joint 
anterior and posterior views, 583f 
arteries, 600-602 
femoral 600-602 
obturator, 602 
great saphenous vein 603 
muscle eompartments, 544f, 584, 589-599 
anterior, 548f, 590-593 
medial, 548f, 594-597 
posterior, 584, 598-599 
nerves, 603-606 
femoral 604 
obturator, 604 
seiatie, 605-606 
popliteal fossa, 616-617 
tibiofìbular joint, 616 
Thigh bones 

femur, shaft and distal end of, 584-586 
fìbula, proximal end of, 588-589 
patella, 586 

tibia, proximalendíjf, 587-588 
Third braneh of areh of aorta, 216 
Third layer of sole muscles, 654-655 
adductor hallucis muscle, 655 
flexor digiti minimi brevis muscle, 655 
flexor hallucis brevis muscle, 655 
Third oeeipital nerve, 85f, 925 
Third perforating artery, 601f 
Third spaee, 1003 

Thoraeie aorta, 175f, 183f, 21 lf, 217b, 225 

disseeting aortie aneurysm of 119b-120b 
Thoraeie aortie plexus, 49f 
Thoraeie eavity, eompartments of, 123 
Thoraeie curvature, 54f, 112f 
Thoraeie duct, 30f, 158f, 177f, 369f 
in posterior mediastinmn 227-228 
inroot of neek, 1036-1037 
in superior mediastinmn, 222 
Thoraeie esophagus, 310f 
Thoraeie ganglia, 3 5 9f 

Thoraeie (intereostal) nerves, 109, 131, 134f-135f, 
151 f— 152f, 158-160, 268 
Thoraeie outlet syndrome, 150 
Thoraeie region of baek, 61f 
Thoraeie spinal nerve, 39f 
Thoraeie splanehnie nerves, 359-361 
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Thoraeie vertebrae, 56f, 64f, 66, 72 
artieiilation with ribs, 144 
atypieal 144f 
XXII. 305f 
typieal, 143f 

variations in number of, 76 
zygapophysial |oint. 78f 
Thoraeie viseeral plexus, 45f 
Thoraeie wall 
and eavity, 123f 

flexible, and inferior thoraeie aperture, 136, 13 7f 
intereostal spaees, 150-160 
arterial supply, 155-156 
innervation, 158-160 
lymphatie drainage, 158 
muscles, 152-155 
venous drainage, 156 
movements during breathing, 162, 163f 
muscles, 695f 

relationshipto upper limb, 694-695 
segmental neurovascular supply of, 134-135 
skeletal framework, 124-125 
joints, 148-150 
ribs, 144-146 
sternmn 147-148 
thoraeie vertebrae, 143-144 
and upper limb 685f 
Thoraeoaeromial artery, 142f, 734-735 
Thoraeodorsal nerve, 746 
Thoraeolmnbar faseia, 85f, 91f, 92 
Thoraeostomy tube insertion, 160b 
Thorax. Seealso Abdomen; Diaphragm; 
Mediastinmn; Pleural eavities 
eomponent parts, 124-128 
eomiting ribs, 231 
deseription of, 123-124 
functions of. 124 
peetoral region, 139-143 
relationship to 

abdomen, 130-131, 263 
baek, 62 
breast, 131 
neek, 130, 847 
upper limb 130 
surface anatomy, 231-238 
sympathetie system 136 
venous shunts from left to right, 132 
vertebral level TIV/ V, 132, 232 
Thrombosis 

ehronie, of inferior vena eava, 410b 
deep vein 391, 569b, 677b 
Thumb 691 

hyperextension of, 825 
orientation of, 701 
Thynrns, 210-212 
Thyroarytenoid muscle, 1061t, 1063 
Thyroeervieal trunk, lOOf-lOlf, 720f, 1032 
Thyroglossal duct eyst, 1020 
Thyrohyoid membrane, 845f, 1056 
Thyrohyoid muscle, 1010 
Thyroid eartilage, 848f, 1054 
Thyroid gland, 849f 

in anterior triangle of neek, 1017-1020 
development. 1020b 
how to íìnd, 1124 
inferior thyroid artery, 1019 
isthmus of, 1123f 
lymphatie drainage, 1020 
pathology, 1021 b 
recurrent laryngeal nerves, 1020 
superior thyroid artery, 1019 
venous drainage, 1019-1020 
Thyroid noteh 1123f-1124f 
Thyroideetomy, 1021b 
Tibia, 539, 541f 

proximal end, 587-588 
shaft, 588 

shaft and distal end, 618-619 
Tibial eollateral ligamenl. 611-612, 674f 
Tibial nerve, 605-606, 617, 627-628, 660-661 
Tibial tuberosity, 588 
Tibialis anterior muscle, 630-631 
Tibialis anterior tendon, 648f 
Tibialis posterior muscle, 624-625, 624t 


Tibialis posterior tendon, 646f, 654f 

Tibioealeaneal part of medial ligament, 640 

Tibiofìbular joint, 616 

Tibionavicular part of medial ligament, 640 

Tongue 

arteries, 1100 
inferior surface, 1096 
innervation 

faeial nerve, 1101 

glossopharyngeal nerve, 1100-1101 
hypoglossal nerve, 1101-1102 
lingual nerve, 1101 
lymphaties, 1102 
muscles, 1096-1099 
extrinsic, 1097-1099 
intrinsie, 1097 
papillae, 1095 
pharyngeal surface, 1096 
veins, 1100 
Tonsils 1048 
Torus levatorius, 1048 
Toms tubarius, 1047f 
Trabeculae earneae, 193f 
Traehea, 126f, 129f, 21 lf, 218, 310f, 840f, 848f 
in anterior triangle of neek, 1017 
Traeheal nodes, 30f 
Traeheobronehial nodes, 177f 
Traeheostomy, 1065b 
Tragus, 954f, 1127 
Transitional eell eareinoma, 382f 
Transjugular intrahepatie portosystemie shunt, 416 
Transmission of sound, 971 
Transplantation 
bone marrow, 15 b 
kidney, 383b-384b 
Transpylorie plane, 404f-405f 
Transversalis faseia, 280f, 285, 286f, 295f 
Transverse acetabular ligament, 559f 
Transverse areh of foot, 543f, 648 
Transverse arytenoid muscle, 1061t, 1063 
Transverse braneh of lateral circumílex artery, 601 
Transverse eervieal artery, 87f, 90f, 1026-1027, 
1032 

Transverse eervieal ligament, 482f 
Transverse eervieal nerve, 1016, 1030 
Transverse eolon, 304f, 319f-320f 
Transverse faeial artery, 919 
Transverse faeial vein, 920 
Transverse humeral ligament 707f 
Transverse ligament of knee, 607f-608f 
Transverse mesoeolon, 309 
Transverse muscle of tongue, 1096t 
Transverse part of nasalis muscle, 907 
Transverse perieardial sinus, 183f 
Transverse plane, 3f 

Transverse proeess, 57f, 59f, 66f. 68, 69f-71f 
eervieal vertebral, 844f, 845 
Transverse sinuses, 888 
Transverse tarsal |olM. 640, 641f 
Transversospinales muscles, 95-97 
Transversus abdominis muscle, 92f, 259f, 280f, 
284, 292f, 368f 

Transversus thoraeis muscles, 153t, 154-155 
Trapezimn bone, 7 93 

Trapezius muscle, 58f, 87, 116f—117f, 692f, 713f, 
714,819f 

assoeiated with posterior triangle of neek, 1024t 
innervation of, 87f 
Trapezoid ligament, 706 
Trendelenburg’s sign, 577b 
Triangular bone, scapula, 702-704 
Triangular interval, 719, 729f, 731 
Triangular spaee, 716f, 719, 729f, 730-731 
Trieeps braehii muscle, 755-756 
long head, 717, 730 
Trieeps braehii tendon, 822 
Tricuspid valve, 192-193 

auscultation position for, 236f 
Trigeminal nerve (V), 850f, 894t-895t, 898, 901b, 
902f 

cutaneous distribution, 915f 
innervation of oral eavity, 1088 
leaving skull 914f 
Trigeminal neuralgia, 921b 


Trigger fìnger, 802b 
Trigone, 463f 
Triquetrum bone, 793 

Troehlea, fibular, of calcaneus bone, 628f, 636 
Troehlear nerve (IV), 894t-895t, 897, 901b, 902f, 
943-944 

True pelvis, 423, 432f-433f 
pelvie floor 

pelvie diaphragm, 454-456 
perineal membrane and deep perineal pouch, 
457-459 
pelvie inlet, 449 
pelvie outlet, 453 
pelvie wall 

apertures, 452-453 
ligaments, 450 
muscles, 450-451 
perineal body, 459-460 
True ribs, 144, 145f 
Trunks 

sympathetie, 13 6f, 176f 
eervieal part 1036 
in pelvis, 488f 

posterior abdominal region, 394-401 
splanehnie nerves, 359 
thoraeie portion, 229-230 
vagal, 49f 

anterior, 224, 276f, 310 
posterior, 224, 276f 
Trunks of braehial plexus, 738f, 739 
branehes of. 741-742 
Tubal ligation, 443f 
Tuberculosis, 119 

Tuberculum of iliae erest, 443f, 444, 520f 
Tumors 
brain, 878b 
brainstem, 835 
at earina, 178f 
in head of panereas, 417f 
of parotid gland, 913 
o f right kidney, 3 81 f 
saeral 120b 
testicular, 470b 
uterine, 53lb 
Tunica externa, 27 
Tunica intima, 27 
Tunica media, 27 

Tunica vaginalis, 269f-270f, 471f-472f 
Twelfth rib 146, 259f, 367f 
in relation to kidneys, 375f 
Tympanie membrane, 956-957, 971f 
perforation, 958b 
Tympanie nerve, 900, 963-964 
Tympanie part of temporal bone, 8 58 
Tympanie plexus, 961, 964f 
Tympanosquamous íissure, 973-974 
Typieal vertebra, 57, 68-69 
thoraeie, 143f 


u 

Ulceration, duodenal, 315b 
Ulna, 690f 
fractures, 774b 
proximal end of, 7 52 
shaft and distal end of, 773-774 
Ulnar artery, 757f-758f, 783, 811f, 812 
Ulnar eollateral ligament, 765f 
Ulnar nerve 

in arm, 760f, 761, 762f 
i n forearm 784- 7 8 5 
inhand, 742,814-816 
injury 

at elbow, 768b 
at elbowand wrist, 816b 
innervation of upper limb, 696f, 698f 
motor function in hand, 826-827 
Ulnar pulse, 827, 828f 
Ulnar recurrent artery, 783 
Ulnar styloid proeess, 773f 
Ultrasound, 7 
of abdomen, 334f 
of gallstones, 341f 
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Ultrasound (Continued) 
of head, 871 

of inílamed appendix, 32 2f 
of thyroid gland, 1018f 
o f urinary l raet ,385 
Umbilical artery, 496 
Umbilical hernias, 302 
Umbilicus, 13 4f— 13 5 f 
Umbo, 956f 

Uncinate proeess, 69f-71f, 79f, 333f 

Uncovertebral joints, 78, 79f 
Uniaxial synovial joints, 19 
Upper GI traet, examination of. 316 
Upper limb. See also Arm; Axilla; Forearm; Hand; 
Posterior scapular region; Shoulder 
anterior view, 685f 
bones and joints, 690-691 
cubital fossa, 768-770 
elbowjoint, 764-766 
imaging blood supply to, 737b 
innervation by eervieal and upper thoraeie nerves, 
695-699 

muscles, 692-693 
nerves related to bone, 699 
pulse points 827 
relationship to 
baek, 62 

baek and thoraeie waU, 694-695 
neek, 693-694, 847 
thorax, 130 

role in positioning hand in spaee, 686-689 
superfìcial veins, 700 
surface anatomy, 819 
trauma t o arteries of 73 7b 
Upper thoraeie nerves, innervation of upper limb, 
695-699 

Ureteric stone, 413b 
Ureteropelvic junction, 379 
Ureters, 366f, 377f, 379-380, 462 
iatrogenie injury, 5 3 Ob 
innervation, 380 

structures erossing, in pelvie eavity, 435 
surface projeetion of 409f 
vasculature and lymphaties, 380 
Urethra 

eatheterization 469b 
female, 466 

gender differenees in course of. 440 
male, 467-468 
navicular fossa, 507f 
rupture of 512 b 
Urethral artery, 516, 517f 
Urethral orifiee, 429f, 431f-433f, 525f-526f 
Urethral sphineters 

eslerniìl, 459, 468, 473f 
lníeraal, 467 

Urinary bladder, 366f, 379f 
apexof, 463 
base of, 463 
eaneer, 466b 

eontained in pelvis, 423-425 
infeetion, 469b 
inferolateral surfaces of, 463 
neek of, 464 
stones, 465b 

suprapubic eatheterization, 466b 
Urinary traet 

eaneer, 381b-382b 
investigation of, 3 8 5b 
pelvie parts 

bladder, 463-464 
ureters, 462 
urethra, 466-468 
stones, 381b-382b 
terminal parts, 424f 
Urogenital hiatus, 455f 
Urogenital membrane, 269f-2 70f 
Urogenital triangle, 430, 434f, 51 lf 
female, identifieation of structures in, 523-524 
male, identifìeation of structures in, 524-525 
structures in superfìcial perineal pouch, 506-510 
superficial faseia, 512 

superfìcial features of external genitalia, 510-512 
1160 Urography, intravenous, 6, 111 


Urological eontrast studies, 10 
Uterine artery, 435f, 498,499f 
Uterine tube, 269f-270f, 475f, 478 
Uterosacral ligament, 482f 
Uterus, 43 5f, 477-478 
fìbroids, 532b 
position of, 436 
tumors, 531b 
Utricle, 966f-967f, 968 
Uvula, 1099f, 1105f 


V 

Vagal trunks, 49f 
anterior, 224, 276f 
posterior, 224, 276f, 310 
Vagina, 480-481 
axis of. 479f 

Vaginal artery, 496, 497f-499f 

Vaginal orifìee, 431f-433f 

Vagus nerve (X), 214f, 894t-895t, 900, 902f 

in abdomen, 363 
in anterior triangle of neek, 1014 
eardiae plexus, 208f 
lesions, 901b 
pharyngeal braneh 1051 
pulmonary innervation, 176f 
in root of neek, 1034 
of superior mediastinmn, 218-221 
through abdominal prevertebral plexus, 396f 
through head and neek, 850 
Valleculae, 1047f 
Valve disease, 19 7b 
Varieoeele. 527b 

Varieose veins, 28b, 569b, 672b-673b 
Vasa reeta, 314f 

Vascular aeeess to lower limb 5 73b 
Vascular eompartments of neek, 840f, 1000 
Vaseetomy, 43 7f 

Vastus intermedius muscle, 590t, 593 
Vastus lateralis muscle, 590t, 593 
Vastus medialis nrnsele, 590t, 593, 673f 
Veins, 27 

o f anterior triangle o f neek, 1013 
azygos system of 2 2 6-2 2 7 

beonehialt 174 
eardiae, 204, 205f 
of faee, 919-920 
of lower limb 

deep and stiporlidíil, 568 
major snperfidal, 670 
superfìcial 550 
of pelvis, 499-501 
of perinemn 516-519 
of pterygopalatine fossa, 999f 
pulmonary, 174 
of spinal eord, 102 
of teeth, 1116f 
of upper limb, siiperftdíì1 , 700 
varieose, 28b, 569b, 672b-673b 
Veins of Thebesius, 204 
Venipuncture, 814b 
Venousaccess, 251b 
eentral. 1005b 

for eentral and dialysis lines, 215b 
Venous drainage 

of abdominal viseera, 354-356 

of anterolateral abdominal wall 291-292 

of brain, 886-889 

of breast, 139 

of diaphragm 162 

of esophagus, 223 

of eyeball 948 

fromGI system, 274-275 

of larynx, 1067f 

of membranous labyrinth, 969 

of nasal eavities, 1084f 

of orbit and eyeball, 942f 

of palate, 1112f 

of pharynx, 1050f 

of sealp. 926 

of spinal eord, 102 

superíìcial, of neek, 1003-1004 


Venous drainage (Continued) 
of thoraeie wall, 156 
of thyroid gland, 1019-1020 
Venous shunt, from lef't to right, 132, 133f, 
273-274 

Ventral mesentery, 260f 
Ventrieles 

eardiae, 186f-187f, 192, 193f, 194, 196f, 207f 
eerebral 31-32 
laryngeal. 1059 

Ventriculoperitoneal shunts, 305 
Ventriculoseptal defeet 203 
Vermilion borders of lip, 1113f 
Vertebrae, 53f, 56f 
eaneer and, 77b 
development of. 6 7f 
fractures, 82b-83b 
subdivisions of. 64-66 
typieal, 57, 68-69 
thoraeie, 143f 
Vertebral areh 57,68 
joints between, 78 
posterior spaees between, 73 
Vertebral arteries, lOOf-lOlf, 881f, 882, 1032 
Vertebral body, 57f, 59f-60f, 68 
Vertebraleanaf 59, 68 
arrangement of structures in, 104, 105f 
course of spinal nerves in, 108f 
Vertebral eolmnn, 53f 
eervieal region. 65f 
long, andshort spinal eord, 62 
lmnbar region, 67f 
thoraeie region, 66f 

Vertebral eompartment of neek, 840f, 1000 
Vertebral levels 
CIII/IV, 848, 1121 
CV/VI, 848 
CVI. 1121 
LI, 271,405 
TIV/V, 132, 232 
Vertebral noteh 68f, 72f 
Vertebroplasty, 74b 
Vertex 

innervation of sealp anterior to, 924 
innervation of sealp posterior to, 924-925 
as major landmark, 1120f, 1121 
Vertieal muscleof tongue, 1096t 
Vertieal muscles of abdominal wall 
pyramidalis muscle, 287 
rectus abdominis muscle, 286-287 
rectus sheath 287 

Vesicouterine pouch 483, 484f-485f 
Vestibular ganglion, 965f 
Vestibular nerve, 969-971 
Vestibule 
laryngeaJ, 1059 
nasal, 1071 
oral, 1087, 1095f 

Vestibulocochlear nerve (VIII), 894t-895t, 899, 
901b, 902f, 965f, 969-971 
Viseeral afferents, 396f 
from heart. 209 
prevertebral plexus, 494 
in vagus nerves, 219 

Viseeral branehesof abdominal aorta, 388 
Viseeral eompartment of neek, 840f, 1000 
Viseeral nerves of perinemn 515 
Viseeral part of nervous system 38-39 
Viseeral peritoneum, 260f 
Viseeral pleura, 129f, 15lf—152f, 166 
Viseeral plexuses, 48, 49f 

paravertebral sympathetie ehain, 492-494 
pelvie extensions of prevertebral plexus, 494 
Viseeral sensory fìbers, 46 
Viseeral sensory neurons, 38 
Viseeral surface 
of liver, 330 
of spleen, 339f 

Vital organs, proteetion by thorax, 124 
Vitreous humor, 947-948 
Voeal eords, 840f 

Voeal folds, 852f-853f, 1059, 1060f 
Voeal proeess, 1055f 
Voealis muscles, 1061t, 1063 
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Volvulus, midgut, 325 
Vomer, 861, 1076f-1077f 


w 

Walls of eyebiilJ. 948 
Walls of infratemporal fossa, 981 
Walls o f middle ear 
anterior wall, 9 60 
jugular wall, 959 
labyrinthine wall, 960-961 
mastoidwall 960 
membranous wall 959 
tegmental waU, 959 
Wedge fracture, 17f 
White matter, 31-32, 100 

White ramus communicans, 40-41, 42f-43f, 136f, 
229f, 396f 

Winged scapula, 72 7b, 829b 


Wristjoint, 795-796 

articular dises, 794f-795f 
bones, ossiíieation, 14f 
earpal tunnel and structures at, 
798 

movements of hand at, 689f 
MRI, 799f 
tendons, 798 

ulnar nerve injury at. 816b 


X 

X-rays 

of elbowjoint development 767f 
of head, 871 
production of, 5f 
Xiphisternal joints, 149f, 150 
Xiphoid proeess, 123f, 127f, 134f-135f, 148, 
289f 


Y 

Yellow marrow, 15f 
Yolk sae, 266f-267f 


z 

Zonular fìbers, 950f 
Zygapophysial joint, 72f. 78f, 446 
Zygomatie bone, 856, 858, 934f 

in bony framework of infratemporal and temporal 
fossae, 974-975 
frontal proeess of. 978f 
Zygomatie nerve, 996 
Zygomatie proeess, 855f, 858 
Zygomatieofaeial braneh, 996 
Zygomatieofaeial foramen, 858 
Zygomatieotemporal nerve, 933f, 980 
Zygomaticus major muscle, 904f, 909-910 
Zygomaticus minor muscle, 904f, 909-910 
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